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The presettlement Iowa landscape has been described as tall-grass 
prairie with forests in the central and western portions being confined 
to the slopes of the major stream systems, but more extensive elsewhere 
(Kûchler» 1964; Atwood, 1940; Gleason, 1922; Costing, 1956; and Transeau, 
1905). Forests occupied about 16 percent of the total land area of Iowa 
according to the original land survey made during the 1830's to the late 
1850*s (Dick-Peddie, 1955). Since this survey, Iowa forests have been 
reduced to less than 10 percent of the total area while the prairie has 
been converted almost completely to cropland. Although most of the 
remaining forest is subject to commercial cutting which reduces its use­
fulness in successional studies, forests represent the only natural 
vegetational type in the state which occupies any appreciable area. 
Previous studies of Iowa forests have not included detailed quantita­
tive descriptions of the herbaceous stratum (Kucera, 1952) or the habitat 
requirements of the species occurring in this stratum. Very little 
information is available concerning the nutrient requirements of the 
species comprising this important segment of the forest community. 
Perhaps this has been partially due to the scarcity of suitable techniques 
and analytical methods; however, many new methods (the continuum approach, 
three-dimensional ordination systems, analysis of variance to detect the 
nature of pattern, etc.) have been introduced in the last 20 years to aid 
in the objective analysis of vegetation. The use of computers also has 
been of great value in the application of these newer methods. 
This study was undertaken primarily to obtain information on the 
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herbaceous species or che cemperace deciduous forests in Iowa regarding 
species composition» pattern» and factors affecting the distribution of 
the individuals of the various species. It is necessary to know the 
composition of the study area and distributional patterns of the species 
involved before a clear understanding of ecological relationships can be 
obtained. The determination of pattern of individuals of the species 
using the analysis of variance procedure formulated by Greig-Smlth and 
Kershaw is an important step toward a systematic analysis of these 
ecological relationships - an example of a synecological tool being used 
to relate autecological information. 
The forests of central Iowa offer an excellent study area at the 
western limit of the deciduous forests of the eastern United States. 
Limiting factors often can be more easily detected at the limits of the 
range of a species or vegetation type, and for this reason, intensive 
studies are desirable (Gleason and Cronqulst, 1964; Polunln, 1960)« 
More specific objectives of this study are: 
1. To determine species conq>osltlon of the vegetation of slope forests 
In central Iowa; 
2. To consider the spatial distribution (pattern) of the individuals of 
several species occurring in the herbaceous stratum of stands on each of 
the cardinal aspects; 
3. To classify the pattern as to type, and to suggest environmental and 
morphological factors relating to this pattern; 
4. To determine levels of selected environmental factors in relation to 
species distribution in order to determine species preferences to certain 
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or these levels; 
5. To compare the ordination method of Curtis and Mcintosh with Orloci 
to determine which more effectively describes the vegetation of Iowa*8 
slope forests and to determine natural groups of species. 
4 
LITERATURE REVIEW 
Iowa Studies 
The first description of presettlement forests of Iowa, confined 
primarily to the slopes of the major stream systems, was made by survey 
crews and early settlers of the 1830*s to the late 1850's, and consisted 
only of lists of the tree species present (Hewes, 1950). Information on 
species abundance was lacking; however, densities have been calculated 
from original survey notes using distances to witness trees (Dick-Peddie, 
1955). 
Other descriptions appeared in the late 1890*s (MacBride, 1895; 
Shimek, 1899) and led the way to more advanced studies. Nothing was in­
cluded in their studies concerning environmental conditions of forests 
despite their concern about the persistence of a prairie community 
partially surrounded by forests. In a much later study, McComb and Loomis 
(1944) concluded that the prairie in Iowa represents a subclimax condition 
gradually being replaced by forest. 
In studies conducted after 1900, some attention was given to the en­
vironment within forest communities. The distribution of hickories in 
Iowa was studied by Treak (1925) in relationship to soil types- A compar­
ison of environmental conditions within different forest types was made by 
Aikman and Smelser (1938) \^o concluded that the maple-basswood community 
type represents the highest stage of forest development in central Iowa. 
The vegetation of stations along the Des Moines River and the Missouri 
River at equal latitudes was compared on the basis of edaphic and climatic 
relationships by Aikman and Gilly (1948). They recognized three distinct 
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foreat community types in central Iowa. In order of decreasing mesophyt-
Ism, these were the maple-basswood community, the oak-hickory community» 
and the shrub community. Âikman (1941) concluded that vest aspects 
represent the most xerlc conditions in Iowa forests with south* east» and 
north aspects increasing in mesophytism in that order. 
Microclimatic effects were noted by Kucera (1952) in which much 
attention was given to soil factors, especially total nitrogen and carbon 
levels, and tothe amounts of litter and duff present at various times of 
the year. Description of the canopy stratum was detailed, but little 
information was presented concerning the herbaceous species or the woody 
plants in the understory. More detail on understory composition was 
furnished by my earlier study (Sanders, 1967, 1968) in which herbaceous 
species were shown to follow certain trends in relationship to a 
continuum-index. These trends were also shown to exist for the canopy 
species. Correlation coefficients were determined for each species-pair, 
and species constellations were produced. 
A number of forestry studies have contributed to an overall under­
standing of Iowa*s regrowth forests. Several of these have analyzed 
environmental relationships of selected areas as related either to site 
indices or volume tables for certain economically Important species 
(Bagley, 1940; Brener, 1941; Countryman, 1968; Dllworth, 1938; and 
McT.lntock, 1939). Hanson (1954) presented a detailed review of litera­
ture concerning soil factors as related to tree production. He also 
presented data concerning several physical attributes of certain soil 
types in southeastern Iowa as related to tree growth. The relationships 
between soil nutrients and tree growth were reported by Thomson (1956) in 
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cczpzrlzg groîTth rates of varices plantation? of M#ok walnut in south­
eastern Iowa. There he found calcium and potassium deficiencies to be 
limiting factors in the growth of black walnut. 
Few forestry studies have been conducted using indicator species of 
the herbaceous layer in the determination of site indices. Westveld 
(1933) suggested that these be used in conjunction with other information 
to develop site indices. 
Pattern Studies 
The spatial distribution of individuals of a species has been the 
continuing concern of some ecologists. Little evidence has been found 
that the early ecologists were concerned with description of the patterns 
of individual plants, although Weaver and Clements (1929) noted the 
tendency for individuals of some prairie species to become aggregated. 
Detection of nonrandomness 
The first reports of species being distributed in some manner other 
than random were those of Gleason (1920) and Svedburg (1922). Svedberg 
began studies into the procedure for determining nonrandomness by using 
a variance-to-mean ratio to indicate departure from randomness. According 
to the Poisson distribution, if a species is distributed randomly, the 
relationship of the variance to the mean is unity. A value greater than 
one indicates overdispersion (contagion), ^ ile a value less than one 
indicates underdlsperslon (regular). Other authors have used this 
procedure (Clapham, 1936; Fracker and Brischle, 1944; Archibald, 1948; 
and Dice, 1952) or some minor variation of it (Blackman, 1935, 1942). 
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Methods using something other than variance-to-mean ratio 
Although the relationship of the variance-to-mean method has been a 
useful technique, other methods of detecting nonrandomness in plant com­
munities have been developed. The contagious distribution of selected 
herbaceous species was demonstrated by Whitford (1949) using an abundance-
frequency ratio. Archibald (1950) reported that Thomas's Double Poisson 
series gives a good estimate of the density of individuals in heterogene­
ous populations in which the variance is much larger than the mean. The 
mean number of individuals per quadrat was used by David and Moore (1954) 
to develop an index of "clumping" or "contagiousness". The negative 
binomial distribution was useful in describing the compound distribution 
of clumps and individuals within clumps (Robinson, 1954). Moore (1953) 
used a technique similar to the variance-to-mean ratio except that he used 
only the number of quadrats containing 0, 1, and 2 individuals. The test 
criterion he used was (!> = —^ . If for a species is greater than one, 
^1 
then the species is distributed in a contagious manner. The advantage of 
this technique is that quadrats containing more than two individuals need 
not be counted. 
Several workers have devised methods for determining contagious 
distribution of plant species in which distance measurements are used 
rather than quadrat counts (Hopkins, 1954; Moore, 1954; Clark and Evans, 
1954; Cottam, Curtis, and Catana, 1957; and Pielou, 1959, 1960, and 1961). 
Smith and Cottam (1967) used D/d (observed species density/expected 
species density) and run—gap indices (average species frequency within 
runs/average species frequency within gaps) to determine the intensity of 
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aggregation within a given stand. The higher the values of either index» 
the more intense the aggregation. ' *" 
Determination by analysis of variance 
The studies discussed above have contributed at least two important 
ideas concerning the distribution of plant species. First, individuals 
of most species are distributed in a manner which is not random. This 
has important implications which will be discussed in more detail later. 
Second, all of the above methods only consider whether or not the 
individuals of a species are distributed in a random fashion. No consid­
eration is given the ^ ount (scale) of pattern. Also, the above methods 
offer no means of relating vegetation to environmental factors. 
A method involving analysis of variance was first used by Greig-Smith 
(1952a) to determine the pattern of individuals and the scale of this 
pattern. Frequency values were recorded for a grid of plots in an artifi­
cial population. The variance was determined based upon the smallest 
quadrat. Plots were then grouped in twos, fours, eights, sixteens, etc., 
and the variance was calculated for each block size. By plotting mean 
square (variance divided by the degrees of freedom) against block size, 
the peaks in the graph were found to represent scales of pattern. There­
fore, as the quadrat size was increased, the variance increased to the 
point of mean clump area. At this quadrat size, a large number of quadrats 
will contain few or no individuals, and a large number of individuals will 
be found in some quadrats. For quadrat sizes larger than the mean clump 
area, the variance will drop because relatively few quadrats will be empty 
and fewer quadrats will contain large numbers of individuals. Several 
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scales of pattern may be found for one species (Kershaw, l9bî). 
Several studies on natural populations have been conducted since the 
method was introduced (Thompson, 1958; Kershaw, 1958; Kershaw and Tallis, 
1958; Kershaw, 1959; Anderson, 1961a and 1961b; Greig-Smith» 1961b; and 
Cooper, 1961)» In each case the environmental factor or factors 
responsible for the observed pattern were suggested. In most of these 
studies, only one or two species were considered, probably due to the 
laborious task of computation which is involved. 
Pattern relationships 
I Nearly all studies have Indicated three types of pattern. Morpholog­
ical pattern is represented usually by peaks at the smaller block sizes 
when the data are plotted by analysis of variance techniques (Kershaw, 
1960) . This includes any pattern due to the structure of the individual 
and vegetative reproduction, and is usually easily detected in the field. 
Sociological pattern is represented by peaks at the intermediate block 
sizes and reflects distributional patterns based upon interspecific or 
intraspeclflc competition. Environmental pattern is usually represented 
by peaks at—Che larger block sizes and reflects vegetative response to 
the distribution of some environmental factor or factors. This type of 
pattern is often recognizable in the field. Sociological pattern is often 
hard to detect as being separate from the other two types, due to the 
interaction between the individuals of a species and the Interaction be­
tween species (Kershaw, 1960). Scale of pattern refers to the intensity 
or level of the distribution of the individuals of a species in an area 
while type of pattern refers to one of the three categories outlined 
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above. 
Several scales of pattern may be present for a given species in a 
stand (Kershaw, 1959). These may represent any or all three types of 
pattern discussed above» Three scales of m.orphological pattern, were 
shown for Trifolium repens (Kershaw» 1959) and also for Eriophorum 
angustifolium (Phillips, 1954). Usually some scale of morphological 
pattern can be detected if the basic sampling unit is small enough (Greig-
Smith and Kershaw, 1958). Quadrat size is very important. The smallest 
quadrat size must be less than one-half the size of the smallest scale of 
pattern one wishes to detect (Kershaw, 1957). 
Any of a number of quantitative values may be used with the analysis 
of variance method. Those which have been used include frequency, 
density, and cover. Some authors favor the use of density, at least in 
those cases where individuals are easily delimited (Kershaw, 1959). In 
the use of cover or frequency, the samples must be taken in a manner in 
which the values are continuously variable (cover or frequency classes 
should not be used), Frequency is the least favorable of the values 
because it is dependent upon quadrat size. 
No test of significance is applicable to this method because the 
individuals are not distributed randomly. Also, the samples cannot be 
taken in a random manner (Kershaw, 1957). These two facts prevent the 
observations from fitting the bivariate normal distribution necessary 
for standard tests of significance. The only test of the validity of 
the results is through repetition of the san^ling procedure. Consequently, 
the use of transects instead of grids seems the better technique. If 
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several cranseccs are taken in the same stand, any peak which appears 
consistently may be considered as significant. 
A major advantage of using the analysis of variance technique is 
that any scale of pattern may be detected» regardless of whether or not 
it is evident from observations in the field. Often scales of pattern 
only represent differences in density within an otherwise homogeneous 
area (Kershaw, 1959). 
Causes of pattern 
In most studies mentioned above, the cause or causes of the observed 
pattern was suggested. However, few authors have attempted to categorize 
causes of pattern in general. Cain and Evans (1952) suggest four major 
groups of factors leading to vegetative pattern: (1) the microclimate; 
(2) the biology of the species, especially reproductive and dispersal 
mechanisms; (3) the relations to other species in the community; and (4) 
the element of chance in dispersal and establishment of new individuals. 
Most pattern has been attributed to either category one or two. 
In some specific cases, the causes of pattern have been defined in a 
much greater detail. In Pinus ponderosa forests of northern Arizona, 
four types of pattern were exhibited by the individual trees (Cooper, 
1961): (1) associated with topographic and edaphic factors; (2) stand 
age; (3) variation in stand density within even-aged stands; and (4) 
arrangement of individuals making up a uniform stand. Zinke (1962) found 
that the pattern of certain soil properties was dependent upon the 
distance from the trunk of a tree. 
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Relationship to succession 
The amount of pattern in relation to successional stages has been 
considered by several workers. Data supporting their conclusions are 
meager» The amount of pattern which may be detected in early stages of 
succession is rather low. Disseminules becoming established in a new 
area often take a random pattern of distribution (Kershaw, 1959). 
Pattern increases at intermediate levels of succession. Possibly this 
is due to the increase in the amount of sociological pattern caused by 
interspecific competition. There is a significant drop in the amount of 
pattern in stable situations except for morphological pattern (Greig-
Smith and Kershaw, 1958). Presumably, this is due to the sharp decrease 
in the amount of interspecific competition and the resulting decrease in 
the amount of sociological pattern. 
Ordination Studies 
In most phytosociological studies conducted in the last 30 years, 
some effort has been made either to classify sites (or species) or 
ordinate sites (or species). These two approaches to the same problem 
are diametrically opposite to one another, since classification implies 
the existence of discrete units vAile ordination has come to imply con­
tinuously variable units (Whittaker, 1953; Greig-Smith, 1964). Greig-
Smith suggests that ordination is the soundest technique to use "even 
though the results of the ordination may conceivably indicate that a 
classification is the best means of summarizing the available information 
finally." 
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se» 
Most of the classification techniques employed to study vegetation 
have been aimed at determining associated groups of species. Techniques 
used include those of Fager (1957), Cole (1949), DeVries (1953), Goodall 
(1952)» Harberd (1960)& and Williams and Lambert (1961). 
Several methods have been devised for ordinating species or stands. 
Perhaps best known among these is the continuum-index which grew out of 
the efforts of Curtis and Mcintosh (1951). Several studies have employed 
either this procedure or a minor variation of it, including Curtis (1955), 
Bray (1960), Bray and Curtis (1957), Rice and Penfound (1959), Whitford 
and Salamun (1954), and Sanders (1967). Some employed a linear ordination 
scheme, but Bray and Curtis (1957) introduced a three-dimensional ordina­
tion which was found to be more informative than the linear method. 
Recent innovations in ordination techniques have greatly facilitated 
their use in phytosociology. Orloci (1966) developed a method of ordina­
tion in multidimensional space. His system is based on the idea that the 
Pythagorean theorum holds in n-dimensional space. Any two points can be 
represented in two dimensions on Cartesian coordinates and their distances 
apart in the nth dimension can be computed. In essence, Euclidean 
distances are employed in determining the position of a population or 
stand in three dimensions. Since these values are determined for n—1 
dimensions, some distortion enters in when miltidimensions are reduced to 
three dimensions. The stand most different from all others (Rg) is 
selected to occupy one extreme of the X-axis. The stand (R^) most differ­
ent from Rg occupies the other extreme of the X-axis (the origin). All 
other stands are placed in relationship to these two stands with species 
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scores being iised in their placemeizt = Tb.t? Î? termed R-«analysis. 
The same procedure is also used to ordinate species. For this 
procedure, species represent n dimensions and relationships are plotted 
in n-1 dimensions. Stand scores are used to ordinate species. This is 
termed Q-analysis (Orloci, 1966). 
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Description of Sites 
The 14 sites included in this study were selected on three criteria: 
(1) readily accessible; (2) free from any unnaturaUL disturbance; and (3) 
located in stands where slope aspect was relatively constant. The only 
stipulation concerning size of the area was that the slope must extend 
lengthwise a distance of 52 meters. The reason will be explained later. 
All sites were located in central Iowa along the Des Moines River 
except for four in Story County. The general study area was bounded on 
the south and west by T81N, R28W, and on the north and east by T88N, R24W. 
The soils of the study area were developed from unconsolidated glacial 
till deposited by the Gary lobe of the Wisconsin glacier (Oschwald, 
Riecken, Dideriksen, Scholtes, and Schalier, 1965). Much of the ground 
surface in the areas of this study has undergone continual erosion, 
resulting in the absence of well-developed soil profiles. In cases where 
some soil development has occurred, the soils belong to the Storden soil 
series with some Storden variants (the major variant has been tentatively 
named Kelly^). These soils have developed under forest influence and have 
a definite horizon. A brief description of other site characteristics 
is presented in Table 8 (Appendix A). 
^Scholtes, W. H. 1969. Soil classification. Ames, Iowa. Private 
communication. 
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Vegetation analysis 
The vegetation on the 14 sites was analyzed by three separate 
approaches. The first, by random plots, involved the detennination of 
compositional relationships between species on the sites. The second, by 
transects, was employed to detect pattern in certain of the study areas. 
The third, by direct count and measurement of basal area, was used to 
describe the canopy stratum of each site. 
Random-plot study This study, using 100 randomly selected 
2 quadrats of 20 cm x 50 cm (1000 cm ), was conducted in June and July of 
1967. For each quadrat, plant cover was determined using the cover method 
described by Daubenmire (1959). The following caver classes were used: 
Cover class Range included Midpoint of range 
(percent) (percent) 
1 0-5 2.5 
2 5-25 15.0 
3 25-50 37.5 
4 50-75 62.5 
5 75-95 85.0 
6 95-100 97.5 
The midpoint of the range was used for calculations. Daubenmire justified 
the use of cover classes one and six because some rare species would be 
overestimated using a cover class of zero to 25 percent, while other very 
abundant species would be underestimated using a cover class of 75 to 100 
percent. 
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Trarvssct study Sclt transects cf ccntigtrcus quadrats lesre used 
in May, June» and July of 1968 to determine pattern in certain of the 
study sites. The sampling unit consisted of a wooden frame, made up of 
16 10 cm X 10 cm quadrats (Figure 9, Appendix B). In each 10 cm x 10 cm 
quadrat, rooted density was recorded for selected species. Because the 
determination of an individual is always arbitrary, the following list of 
species includes a description of the individual unit used in determining 
the density of each species: 
Species Description of "individual" 
Amphicarpa braeteata stem 
Anemonella thalictroides stem 
Asarum canadense petiole 
Carex rosea clump 
Claytonia virginiana stem 
Cystopteris fragilis frond 
Erythronium albidum petiole 
Hepatica acutiloba petiole 
Hydrophyllum virginianum petiole 
Mitella diphylla petiole 
Parthenocissus quinquefolia petiole 
Polygonatum canaliculatvun stem 
Ribes nissouriense stem 
Sanguinaria canadensis petiole 
Uvularia grandiflora stem 
Viola sororia petiole 
Each transect was 52 meters long. This was found to be the necessary 
length to include 128 of the sample units. The sample units were always 
placed on the downslope side of the sampling line. Four transects were 
sampled on site 12 (Aiœs west aspect), and two transects each were 
sampled on site 1 (Ledges north aspect), site 13 (Ames east aspect), and 
site 14 (Ames south aspect). 
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Csnopy 51udy Tike Ctêêâ o« é&cli uf £.Ké 14 slLeë were coucLceà. in. 
three large quadrats of equal size (52 feet x 52 feet). Each tree was 
measured for basal area at breast height» A tree was defined as any 
individual with a diameter greater than three inches at breast height. 
An exception was made for Ostrya virglniana and Carpinus caroliniana for 
which any individual with a diameter of one inch or greater at breast 
height was considered a tree. These data were used in conjunction with 
the random-plot study in order to determine importance values of tree 
species for each site. 
Selected environmental analysis 
Soil sampling Two separate sets of soil samples were taken from 
each site. The first set was taken in June and July of 1967 in conjunc­
tion with the set of random vegetative quadrats. Average values for 
selected soil characteristics were determined from the samples which were 
taken from the upper two inches of the mineral layer on each of the 14 
sites. One vial of soil (approximately 30 cubic centimeters) was taken 
from the lower left side of each randomly selected quadrat. The resulting 
100 vials containing soil were lumped in groups of 10 vials. The soil 
from the 10 composite samples from each site was air-dried and stored in 
plastic-lined bags until analysis. 
The second set of soil samples was taken in July of 1968 in conjunc­
tion with the transect study. Samples were taken along the selected 
transects in a restricted random manner, with one sample taken in each 
two-meter section of the transect. The specific quadrat to be sampled 
was chosen in a random manner using a table of random numbers. These 
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samples were taken co de termine cac «uRwuttt of variation in certain, soil 
characteristics within each site and possibly to relate soil factor 
distribution to pattern shown by certain plant species on the site. If 
the soil properties considered show a nonrandom. distribution» it is quite 
likely that a number of other soil properties also are distributed in a 
nonrandom manner. Samples were taken to a depth of five inches. Two 
transects were sampled on site 12 (Ames west aspect), and one each on 
site 1 (Ledges north aspect), site 13 (Ames east aspect), and site 14 
(Ames south aspect). Sangles were stored in plastic-lined bags until 
laboratory analysis. 
Light sampling The amount of light received by selected quadrats 
at the top of the herbaceous stratum during the course of a day was 
measured. Beginning at 9:00 A.M. on June 26, 1968, the light intensity 
was recorded every hour until 6:00 P.M. for 21 randomly selected quadrats 
on site 12, Ames west aspect, transect 1 (the uppermost transect). The 
2 
sampling unit consisted of nine square plots (175 cm ) within a larger 
sampling unit. Each of these nine square plots was sampled. A Tri—Lux 
footcandle meter was used. The intensity of light in the open was 
recorded before and after each set of readings. A portable tape recorder 
was useful in speeding up the sampling process so that each plot was 
sampled during the same minute of each successive hour. 
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Laboratory and Statistical Analysis 
Soil analysis 
The two sets of soil samples were analyzed by the Soil Testing 
Laboratory of the Iowa State University for available nitrogen, phosphor­
ous, potassium, pH, and buffer pH. The following is a brief description 
of the method used in the determination of each soil test (Iowa State 
University Soil Testing Laboratory, 1966): 
pH and buffer pH — readings were obtained using a standard pH meter. 
Readings for pH represent the value prior to the 
addition of the standard buffer. After the standard 
buffer was added, the value for buffer pH was read 
from the pH meter scale. 
Nitrogen samples were prepared for incubation using 5 g of 
soil and 10 ml of water. Initial ammonia was deter­
mined and the test was repeated for total available 
ammonia following incubation of the samples. The 
ammonia in a boric acid solution was titrated using 
a 0.0178 N sulfuric acid solution. 
Phosphorous readings using an Evelyn colorimeter were taken on 
specially-produced filtrates of the samples. 
Potassium an extraction by ammonium acetate was analyzed using 
a flame photometer. 
The soil properties outlined above were chosen to determine whether 
certain soil properties are distributed randomly or in some other manner. 
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Statistical analysis 
Vegetative analysis Data collected from the random-point study 
and the canopy study were used to describe generally the vegetation of 
each site» Importance values were determined for each tree species in 
each stand modified from Curtis and Mcintosh (1951) as follows: 
Relative frequency (%) = == 
Relative density (%) - T.tar=:l:.:':l%:cies =< 
elative doMnance (%) = ^otaf bSar"e^'orS%tcles 
The importance value for a given species was determined by summing the 
values for relative frequency, relative density, and relative dominance 
(Phillips, 1959). The summed importance values for all species together 
in a stand must equal 300. 
The importance values were used as a basis__for ordinating the 14 
stands in this study. Each species was assigned a climax-adaptation 
number on a scale from one to 10. Species with a rank of one were those 
least able to compete successfully with other species in the region (e.g., 
Quercus macrocarpa). Species with a rank of 10 were those best able to 
compete with other species of the region (e.g., Acer nigrum). Climax-
adaptation numbers for species Included in this study were the same as 
those used by Curtis and Mcintosh (1951) and Sanders (1967). When the 
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Importance value of each species was multiplied t>y its respective cilmax-
adaptation number and the products were summed for all species in the 
stand» the resulting number represented the stand's position along a 
gradients These numbers are called continuumr-lndex numbers and reflect 
both species composition and species performance in a stand. The 
continuumr-lndex has a theoretical range of 300 to 3000. Trends shown by 
individual species with respect to the continuum—index are easily detected 
when the stands are so ordered. 
Average percentage cover values were determined for each species in 
each stand. This was done by summing the midpoints' of the cover-class 
ranges and dividing by the number of sample plots in the stand. Frequency 
values were also determined for use in some of the statistical manipula­
tions to be described. 
Pattern analysis The data collected from the transects of 
contiguous plots were treated using an analysis of variance procedure. 
The raw data (consisting of density values for each species per quadrat) 
were transferred to DataForm sheets, and cards were punched. Because of 
size limitations, the program was modified by the numerical analysis sec­
tion of the Computation Center, Iowa State University^ to give a printout 
for all plot sizes up to block size 64. It was necessary to calculate 
variances for the remaining block sizes (64, 128, 256, 512, and 1024) 
using a Monroe desk calculator. Mean squares (variance divided by the 
degrees of freedom for a particular block size) were determined and 
plotted against block size. Peaks which occurred on the graphs at a 
particular block size represented scales of pattern, indicating a tendency 
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tor ctie individuals of the species being considered to aggregate at this 
scale. 
Three-dimensional ordination The ordination technique outlined 
by Orloci (1966) was used to ordinate stands and to show relationships be­
tween species. Raw data (cover values and frequency) from the random-
point study were transferred to punchcards. Using a program involving a 
complex method of analysis in multidimensions* the I.B.fi. 360/65 computer 
ordinated the stands in three dimensions. The two stands most different 
from each other were placed at the extremes of the abscissa. Using 
species scores, the positions of all other stands were considered in 
relationship to the two extremes. The species scores were determined by 
the formula ^ , with F representing frequency, C representing 
cover, and N representing the number of sample plots in each stand. 
Thirteen dimensions (one less than the number of stands) were reduced to 
three dimensions by the computer. This procedure is called R-analysis in 
the Orloci technique of ordination with species scores being used to 
ordinate stands. 
The Q-analysis of Orloci was used to ordinate the species. Values 
were obtained for each species in each stand, and species performance in 
each stand was used in an attempt to correlate species. Eighty-six 
dimensions, based on 87 species in the study, were reduced to three 
dimensions by the computer. 
A graphic representation of the stand ordination and the species 
ordination was drawn by the computer using the X, Y, and Z coordinate 
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values presented in Tables 10 and 11 (Appendix A). All values In the 2-
axis were transformed to positive numbers by adding the largest negative 
value plus four additional units to each value in order to facilitate 
plotting of the peaks % 
Soil-transect analysis The values for the various soil properties 
obtained from all transects were ordinated separately by transects. Then 
all transects were lumped into one ordination for each soil property 
considered in this study. Analyses of variance were also conducted for 
the various soil properties in each transect in an attempt to determine 
if any pattern was evident in these properties. 
The ordination analysis involved the arrangement of the various soil 
values from low to high in order to compare species petformance within the 
sample area. The ordination of all transects as a unit was undertaken to 
show the magnitude of response by individual species to each soil 
property. An index of restrictedness (RI) was formulated to express the 
magnitude of response to any environmental factor shown by a species. It 
is 
^ _ Z of individuals in Difference in total range extremes 
the restricted range Difference in restricted range extremes* 
The percentage of individuals in the restricted range of values was deter­
mined by dividing the number of individuals in the total range into the 
number of individuals in the restricted range. The restricted range was 
selected as the part in which the greatest proportion of individuals 
occurred. A large range of values and a small restricted range together 
with a large proportion of the individuals of the species occurring in 
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the restricted range results in a high RI value. Therefore» the higher 
the values of the RI» the more responsive is the species to the soil 
property or other environmental factor being considered. Unless all 
properties considered are highly correlated and the species response is 
the same for all properties (both of which are highly unlikely), the RI 
values for each species should differ with each soil property. Values 
of RI should only be expressed in conjunction with information concerning 
both total range for each species and the restricted range for each 
species. Species showing no response to an environmental factor should 
have an RI value of about 100. Since there is no test of significance 
which can be used (the values do not follow the bivariate normal distribu­
tion necessary for the use of these tests), an arbitrary value of 300 was 
considered sufficiently high to provide a useful comparison level. 
The analysis of variance of each soil property in each transect was 
conducted in the exact-manner as for the vegetative data. Peaks in the 
graph of mean square against block size indicate scales of pattern 
similar to the plant pattern presented in the results. These values were 
determined for use in the discussion of factors responsible for plant 
pattern. Only four block sizes could be considered since each basic unit 
2 
represented the area of five vegetative quadrats (about 2m). 
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KESULTS 
Descriptive Data 
Importance values for tree species on all study sites in. relationship 
to the continuum—index are presented in Table 1. Some species show 
increases in importance values with increases in the continuum-index 
number of the stands. These species include Acer nigrum. Ulmus rubra, 
Ulmus americana, Tilia americana, Carya cordiformis, and Fraxinus nigra. 
Other species decrease in importance value with increases in the continuum-
index number of the stand. These include Quercus rubra, Quercus alba, 
and Carya ovata. Other species either showed no definite trends or 
occurred too infrequently for trends to be evident. 
Average cover values for all species in the study sites are presented 
in Table 2. This table is arranged from left to right in order of 
increasing continuum-index numbers of the stands. The average cover 
values for tree species reflect the same trends as the importance values 
in Table 1. Herbaceous species and tree seedlings showing definite 
increases in average cover with increases in the continuum—index number 
of the stands include Acer nigrum (s)^, Uvularia grandiflora, Botrychium 
virginianum, Prenanthes alba, Carya cordiformis (s), Hydrophyllum 
virglnianinn, Ranunculus abortivus, Cystopteris fragilis, Smilacina 
racemosa, Anemonella thai!ctroides, Sangulnaria canadensis, Anemone 
qulnquefolla, Asarum canadense, Osmorhiza longlstylis, Hepatica 
acutlioba, and Carex alburslna. Other species show decreases in average 
^(s) refers to reproduction of canopy species. 
Table 1. Importance values for tree species in l4 stands arranged 
from left to right in order of increasing continuum^index 
number of the stands 
Species 
Ledges 
S 
(1501)* 
Ames 
S 
(1916) 
Fraser 
S 
(1953) 
Ames 
E 
(2170) 
HB 
W 
(2265) 
Quercus muehlenbergi 117.7 - - - -
Quercus rubra 86.2 37.8 67.3 118.4 76.8 
Ostrya virginiana 39.3 121.5 95.7 68.9 73.4 
Quercus alba 25.5 105.0 88.0 4.5 -
Acer nigrum 21.5 - 2.0 37.4 52.7 
Ulmus rubra 9.9 2.8 - 8.4 3.8 
Carya ovata - 16.3 7.2 19.3 7.0 
Ulmus americana - 9.9 - 5.0 1.3 
Fraxinus pennsylvanica - 6.8 2.9 7.0 11.2 
Tilia americana - - 26.4 28.8 44.6 
Carya cordiformis - - 5.8 2.2 2.1 
Prunus serotina - - 3.0 - -
Mbrus rubra - - 1.9 - -
Fraxinus nigra - - - - 16.3 
Amelanchier arborea - - - - 6.0 
Quercus macrocarpa - - - - 5.0 
Carpinus caroliniana - - - - -
Celtis occidentalis - - - - -
Aesculus glabra - - - - -
Populus tremuloides - - - - -
Values in parentheses refer to the continuum—index number of 
' the stands. 
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Ledges Ames Ledges HB Fraser' Fraser Ledges Ames WR 
E N N E N E W  W N  
(2273) (2314) (2320) (2347) (2404) (2432) (2440) (2464) (2495) 
4.8 — - - — - — — — 
97.0 111.2 86.4 63.2 29.3 30.4 24.5 49.6 54.8 
60.0 82.1 81.9 32.7 78.3 21.4 75.1 42.5 71.5 
7.8 11.9 6.8 - 1.9 - - 7.2 -
56.8 53.4 31.1 64.6 21.4 85.0 63.2 128.8 80.5 
4.1 - 4.2 20.3 22.8 38.4 4.0 - 13.4 
3.3 - - 9.2 2.7 - - 5.8 -
- 5.6 -
-
14.9 29.1 8.0 19.9 -
8.0 - 3.2 12.4 6.4 2.9 20.9 - -
56.3 24.2 42.0 61.6 55.2 6.2 62.9 37.4 50.6 
- -
- 18.0 5.6 10.0 8.4 - 3.5 
- -
— 1.4 - - - - -
2.0 — 16.8 12.8 49.1 52.9 29.4 - 15.2 
- 11.7 - - - - - - 2.8 
-
- 1.6 - - 2.5 3.7 9.0 4.3 
- - 26.1 - 9.8 3.6 - - 3.4 
- - - 3.8 2.8 3.0 - - -
8.1 — — 
6.5 
Table Z. Average cover values for all species found in 14 scands 
arranged from left to right in order of increasing 
continuum-index number of the stands 
Ledges Ames Fraser Ames HB 
Species S S S E W 
(1501) (1916) (1953) (2170) (2265) 
Quercus muehlenbergi (1)* 41 .63 
Quercus rubra (1) 37 .73 23 .40 51 .28 53 .50 31 .28 
Ostrya virginiana (1) 35 .98 52 .60 46 .48 40 .33 27 .85 
Quercus alba (1) ^ 18 .05 66. 14 45 .30 2 .23 
Fraxinus pennsylvanica (s) 16 .33 6 .83 4 .75 4 .23 .50 
Acer nigrum (1) 15 .93 .63 .63 22 .55 45 .08 
Acer nigrum (s) 11 .60 2 .15 5 .48 1 .20 4 .60 
Amphicarpa bracteata 8, .48 .50 .85 .20 
Ulmus spp. (s) 6 .40 3 .83 6 .63 .35 1 .73 
Amelanchier arborea (1) 4, .95 4. 40 .15 2. 23 3 .83 
Desmodium glutinosum 4, .83 .03 .33 2 .38 
Carex blanda 4, .55 1. 08 .80 .50 .40 
"arthenocissus quinquefolia 4, .20 2. 38 10 .40 2. 78 8 .80 
Cotrya virginiana (s) 3. 30 .05 .95 1, .53 .03 
Aater drummondi 2, .08 1. 23 2 .53 .65 .85 
Ulmus rubra (1) 1, .70 1. 23 .38 
Sanicula canadensis 1. 53 .05 .20 .18 .73 
Fraxinus pennsylvanica (1) 1. 48 6, .45 .85 2. 60 6 .35 
Tilia americana (s) 1. ,10 1. 85 4, .10 2, .53 .68 
Ulmus americana (1) .98 4, .20 3, .10 .85 
Celastrus scandens -90 .35 .03 ,50 
Comus spp. ,75 1. ,40 .03 .03 
Fraxinus nigra (s) .68 .33 ,25 
Muhlenbergia sobolifera .63 ,28 .25 
Rhus radicans .55 ,03 .63 
Ribes missouriense .48 5. 05 .40 1. ,38 1 .50 
Carya ovata (s) .40 .13 ,15 ,15 .38 
Crataegus mollis .38 .48 .35 
Juglans nigra (s) .38 
Phryma leptostachya .35 .10 .40 
^(1) refers to mature trees, 
^(s) refers to seedlings. 
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Ledges Ames Ledges HB Fraser Fraser Ledges Ames WH 
E N N E N E W W N 
(2273) (2314) (2320) (2347) (2404) (2432) (2440) (2464) (2495) 
3.65 _ 
48.70 37.25 38.63 30.00 17.08 7.80 17.35 24.83 26.30 
23.03 48.48 40.48 15.83 54.23 12.53 30.25 18.95 30.13 
.85 3.88 2.23 — — — — - -
5.38 .48 4.53 .50 1.98 .68 .33 3.20 — 
51.00 38.63 21.43 47.03 9.18 47.25 55.03 62.68 42.55 
6.80 1.58 11.05 4.63 13.28 13.00 .95 1.08 12.95 
.28 10.65 1.83 — .28 1.33 .63 .20 1.00 
4.68 1.63 .25 .23 1.25 1.63 .20 2.18 .03 
.15 6.35 3.15 - .98 - .38 .30 1.48 
.10 .05 .30 .53 _ .73 .05 
.95 2.95 2.15 .28 .78 .23 .58 1.35 .83 
11.05 .03 2.93 12.35 5.98 11.70 4.53 1.78 1.55 
4.30 6.00 .28 - .18 .03 .03 3.85 .03 
.45 1.25 1.73 .28 .98 .78 1.53 - .10 
2.48 4.70 11.38 15.74 .63 6.25 
.03 .25 1.48 — .48 2.35 .90 .88 .58 
2.33 1.00 1.60 8.18 3.78 .85 2.98 - -
.68 2.08 1.55 .90 .18 — .20 2.75 -
- -
-
- 10.18 14.13 - 6.00 — 
.23 .60 .13 .27 .03 .73 .03 
- .15 .38 1.38 — — .03 - .15 
1.98 — 1.63 .43 .15 .75 .15 — .80 
— .08 — — b
 00
 
.08 .03 - -
.15 .03 .48 .53 — .18 .18 - .55 
1.20 .38 1.13 1.13 .60 .93 .68 .45 .68 
.05 .28 .05 .60 .25 — .03 1.08 .15 
— .18 — — — .15 — — -
.63 - — .03 — — — - -
.18 .18 — .15 .03 .03 .03 — .78 
xabie 2. (Coacinued) 
Species 
Ledges 
S 
(1501) 
Ames 
S 
(1916) 
Fraser 
S 
(1953) 
Ames 
E 
(2170) 
HB 
W 
(2265) 
Hystrix patula .35 .03 
Quercus rubra (s) .30 .13 .93 .48 .18 
Viola sororia .25 1.00 .63 .85 .05 
Carex rosea .25 .65 .10 .03 .10 
Apocynum cannabinum .20 - - - — 
Galium aparine .15 — .73 .10 .13 
Heliaathus tuberosus .15 - .93 - .03 
Euonymus atropurpureus .15 - - - -
Parietaria pensylvanica .05 - .23 - .03 
Bromus purgans .05 .08 .63 .05 .03 
Prunus serotina (s) .05 1.18 1.28 1.10 — 
Vitis riparia .05 - .15 .03 -
Uvularia grandiflora .03 - - - 1.13 
Quercus alba (s) .03 .23 .18 .03 -
Celtis occidentalis (s) .03 1.35 1.23 .93 .18 
Taraxacum officinale .03 — — — — 
Botrychium virginianum .03 - - - .15 
Xanthoxylum americantm .03 .65 .55 .35 — 
Prenanthes alba .03 - .15 - -
Solidago «1mifolia .03 — .03 .10 — 
Osmorhiza claytoni .03 .05 — — .03 
Rosa blanda .03 - .15 - -
Juniperus virginiana (s) .03 - - - -
Antennaria fallax .03 - - - — 
Garya ovata (1) — 9.10 2.58 10.00 3.43 
Veronica arvensis — 1.88 — — — 
Silene stellata — 1.23 .90 .08 .23 
Rubus spp. - .58 - - -
Carya cordiformis (s) - .50 .30 .15 .58 
Viburnum raf inesquianum — .38 .15 .05 — 
Celtis occidentalis (1) — .38 — — — 
Fragaria virginiana - .35 .05 - — 
Chenopodium album - .20 .05 .05 — 
Ambrosia artemisiifolia - .18 - - -
Hydrophyllum virginianum - .15 - 1.70 1.50 
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Ledges Ames Ledges HB Fraser Fraser Ledges Ames 
E  N N  E N E W  W N  
(2273) (2314) (2320) (2347) (2404) (2432) (2440) (2464) (2495) 
.33 
.05 
.10 
.13 
1.50 
.13 
.03 
.28 
.35 
.03 
.05 
.08 
.08 
.15 
.63 
.23 
.83 
.08 
.75 
.78 
.55 
.08 
.38 
.18 
.38 
.83 
.36 
' .10 
.05 
.08 
.05 
.03 
.75 .10 - .08 .25 .33 .05 -
.05 
.03 .50 
.35 
.05 
- .23 .05 
.13 .03 
.15 
.08 
.08 
.20 
.05 
.68 
.18 
.03 
1.33 
.05 
.15 
.20 : .75 
.05 
.15 
.23 
-
- .18 .90 5.80 - .58 -
.18 
2.10 
1.23 
.05 
.15 
.03 
.45 
.03 
.15 .15 .08 
.15 
.83 
4.48 
.03 
.03 
.98 
.73 
-
1.70 .98 " 1.38 .38 
- -
1.78 
-
.08 
.03 
.25 
.03 
.10 .03 1.10 1.23 .53 .33 .40 
- .08 
.18 
1.63 2.43 8.35 .25 .10 1.43 
1.23 2.45 1.83 
.03 
.10 .05 : .30 .10 
.43 
.08 
.28 1.25 3.35 1.80 2.83 1.53 .98 
Table 2. (Continued) 
Ledges Ames Fraser Âmes HB 
Species S S S E W 
(1501) (1916) (1953) (2170) (2265) 
Geum canadense .15 
Elymus villosus - .15 .03 .05 -
Ranunculus abortivus - .10 - .30 .08 
Polygonatum canaliculatum - .05 .03 .80 .05 
Cystopteris fragilis — .05 .10 1.85 .30 
Panicum latifolium — .05 .15 — — 
Eupatorlum rugosum - .03 .35 1.13 -
Aquilegia canadensis - .03 - .30 -
Smilax herbacea - .03 1.35 .30 .55 
Oxalis stricta — .03 .03 — — 
Galium triflorum 
Moirus rubra (s) 
Tllla amerlcana (1) 
Corylus amerlcana 
Carya cordlformls (1) 
Prunus serotlna (1) 
Morus rubra (1) 
Smllax tamnoldes hlsplda 
Âgrimonla pubescens 
Phlox dlvarlcata 
.03 .03 
.03 .15 
14.55 
2.58 
1.98 
10.38 23.93 
1.60 
.98 
.55 
.35 
.30 
.03 .03 
Smilaclna racemosa 
Ârisaema triphyllum 
Campanula amerlcana 
Anemonella thalictroides 
Sangulnarla canadensis 
Polygonum convolvulus 
Anemone quinquefolia 
Asarum canadense 
Lonicera sen^ervirens 
Rhus glabra 
Podophyllum peltatum 
Osmorhiza longistylis 
Viola pensylvanica 
Fraxinus nigra (1) 
Hepatica acutiloba 
.30 
.20 .30 
.18 — — 
.10 1.53 8.68 
.03 .83 2.65 
.03 .13 
.03 .03 
.03 - 3.35 
.03 - .03 
.03 — — 
.95 
.60 .80 
.08 .03 
7.95 
2.13 
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Ledges Âmes Ledges HB Fraser Fraser Ledges Ames WH 
E  N N E N E W W N  
(2273) (2314) (2320) (2347) (2404) (2432) (2440) (2464) (2495) 
.05 .15 
.03 
20 .15 .13 — .25 .30 .23 .20 .20 
18 .15 .10 .23 - — .23 .15 .25 
03 .03 .03 2.30 2.20 1.73 .68 4.08 .08 
.03 .20 - .03 .05 - .43 .05 
— 1.38 — — — — .05 — .03 
.15 .05 - 1.20 .30 - - .20 
— .18 — — — — .03 — ~ 
— — — .03 — .10 _ — — 
25.30 22.08 26.13 25.53 19.95 1.98 22.23 10.53 31.63 
1.85 - - 17.35 3.30 5.38 2.68 1.15 1.83 
— — — — 1.23 _ _ — — 
1.00 — — 1.00 — — — — — 
«03 — — ,08 — .18 .15 — — 
— — — — .03 — .18 — — 
- ' - .03 .93 1.40 .33 .05 
.38 — — .38 — .03 .38 — — 
2.88 4.33 10.20 2.88 2.80 - .85 1.15 3.48 
3.28 .03 .45 3.28 .25 - 1.20 .93 2.10 
.03 - .23 .60 1.05 1.13 .23 
1.43 - 3.30 4.70 2.33 2.58 2.03 - 4.05 
— 
— — 
— 
— — — .38 -
.23 .13 .38 .20 .73 .05 .28 .15 
— 
— — 
.03 .08 .15 - .18 -
.85 13.38 1.98 33.48 29.90 7.63 - 5.65 
2.40 8.03 5.33 1.18 7.40 3.05 7.00 3.60 4.05 
Table 2. (Continued) 
Ledges Ames Fraser Âmes HB 
Species S S SEW
(1501) (1916) (1953) (2170) (2265) 
Carex alburslna - - - - 1.48 
Quercus macrocarpa (1) - - - - 1.35 
Menispermum canadense - - - — .85 
Impatiens pallida — - - - .70 
Adiantum pedatum - - - - .70 
Orchis spectàbilis - - — - .03 
Staphylea trifolia - - - - .03 
Ambrosia trifida — - — - .03 
Carpinus caroliniana (1) - - - - -
Zizia aptera - - - - -
Mitella diphylla 
Gymnocladus dioica 
Glyceria striata 
Laportea canadensis 
Prunus virginiana 
Allium tricoccum 
Hydrophyllum appendiculatum 
Aesculus glabra (s) 
Aesculus glabra (1) 
Populus tremuloides (1) 
Cryptotaenia canadensis 
Ellisia nyctelea 
Danthonia spicata 
Dryopteris goldiana 
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Ledges Ames Ledges HB Fraser Fraser Ledges Âmes WH 
E N N E N E W W N 
(2273) (2314) (2320) (2347) (2404) (2432) (2440) (2464) (2495) 
— - - 1.15 1.00 .90 2.00 
— — .38 — — .98 — — 1.23 
.05 — — .45 — — — — .15 
— - - 1.35 - 1.20 - .03 .35 
.38 .15 .55 .20 - - .53 2.58 
— . 03 .05 — — — — . 03 — 
— - - 1.33 - 1.55 .13 - .33 
— .03 — — — .05 — — .03 
1.15 - 17.13 - 2.95 1.00 19.98 - 1.63 
— . 03 .15 — — — — — — 
2.45 - 1.35 .30 - - 1.73 
— — — . 15 — . 60 — — — 
— — — — . 17 — . 03 — . 20 
— — — — .03 — .03 — .03 
— — — — .03 .15 — — — 
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cover with Increases in the contlnuum-lndex number or the stands. These 
include Fraxlnus pennsylvanlca (s) ."Ulmus spp. (s), Desmodlma glutinosum. 
Carex blanda> Ostrya virglnlana (s), Muhlenbergla sobolifera» Rlbes 
ml8@ourienae& Carva avata (a)» Heltanthus tuberosust Bromus purgans» 
Prunus serotina (s)» Vitis rlparia. Quercus alba (a) * Xanthoacylum 
amerlcanum, Osmorhiza clayton!. Fragaria virglnlana» Panlcunt latlfollum» 
and Smilax herbacea. The remaining species either show no definite trends 
in cover values or occur too Infrequently to show definite trends. 
The relationship of soil characteristics to the continuum-index is 
shown in Table 3. Available ammonia, phosphorous, and potassium show 
increases in stands with higher contlnuum-lndex numbers. The trends shown 
for available ammonia and phosphates are highly significant with simple 
linear regression. The values for pH show a trend in relationship to the 
contlnuum-lndex only when other factors concerning the sites are taken 
Into consideration (slope angle, vegetative cover, slope aspect, etc.). 
This will be interpreted in the ensuing discussion. The trends of pH and 
potassium are not significant with single linear regression. 
The amount of light received by selected sample plots is shown in 
Figure 1. The graphs represent plots 13, 15, and 19 for which the data 
were collected on June 26, 1968 between the hours 9:00 A.M. and 6:00 P.M. 
and show the great variability within a given sançle plot through this 
period of time. Average light intensity expressed as percent of full 
sunlight is presented in Table 4 for all plots. Average light values for 
individual plots ranged from 1.2 to 13.5 percent. The sample plots 
generally received greater light intensity from 3:00 to 5:00 P.M. The 
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Table 3. Average values for selected soil characteristics arranged 
according to the continuum-index which increases from the top 
to the bottom of the page 
(Buffer) Available Available Available 
Stand pH pH PO^ K 
Ledges S 7.80 7.40 274.0 15.6 366.6 
(.07)* (.03) (26.0) (1.0) (10.5) 
Ames S 6.74 6.98 339.3 58.9 262.5 
(.14) (.07) (29.4) (3.1) (5.9) 
Fraser S 6.51 6.94 269.3 76.3 264.5 
(.11) (.05) (12.4) (6.0) (27.5) 
Ames E 6.70 6.93 462.6 60-2 310.8 
(.10) (.06) (51.1) (5.4) (14.1) 
High Bridge W 7.15 7.19 363.9 72.3 401.3 
(.14) (.03) (48.0) (8.2) (21.8) 
Ledges E 7.26 7.19 378.9 72.5 411.5 
(.11) (.05) (31.2) (6.4) (48.9) 
Ames N 7.19 7.15 318.4 36.7 305.5 
(.13) (.06) (21.3) (3.5) (21.4) 
Ledges N 7.02 7.06 424.1 43.5 385.4 
(.04) (.06) (33.0) (3.6) (29.5) 
High Bridge £ 7.35 7.22 406.4 97.5 428.7 
(.11) (.03) (32.6) (4.9) (28.6) 
Fraser N 7.08 7.07 428.5 68.4 451.5 
(.05) (.03) (45.5) (4.9) (27.6) 
Fraser E 6.96 7.00 463.7 72.7 362.6 
(.02) (.00) (38.2) (8.7) (25.0) 
Ledges W 7.19 7.13 448.6 97.2 461.9 
(.07) (.03) (58.5) (6.1) (13.6) 
Ames W 6.98 7.11 412.7 56.4 334.3 
(.11) (.05) (34.8) (2.7) (21.0) 
Woodman's Hollow N 7.31 7.17 459.8 67.9 573.7 
(.11) (.05) (52.5) (3.9) (29.5) 
Values in parentheses represent confidence limits at a 95% 
interval. 
Figure 1. The light intensity received by selected plots at the top 
of the herbaceous stratum expressed as percent of full 
sunlight in transect 1, Ames west aspect from 9:00 A.M. 
to 6:00 P.M. on June 26* 1968. Each point is an average 
of nine readings 
a. Plot 15 
b. Plot 13 
c. Plot 19 
LIGHT INTENSITY (% of full sunlight) 
cr 
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Table 4. Average values for light Intensity as percent of full sunlight for selected plots in 
transect one, Ames, west aspect 
A.M. P.M. ' •  
Plot 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6 Plot 
(3800)* (6900) (7600) (10700) (10300) (5900) (9600) (8000) (5900) average 
1 .5 4.6 .7 1.5 1.0 2,8 4.8 .9 .7 2.0 
2 .5 .8 .6 4.2 .5 1.9 .9 .8 .7 1.2 
3 3.1 .5 ,6 .8 .6 2.1 2.0 22.8 1.8 3.7 
4 .7 .7 1.8 1.9 .9 2.0 .9 11.8 2.0 2.5 
5 .6 1.0 .8 .6 1.3 2.0 2.1 1.4 2.4 1.4 
6 .6 .6 2.1 9.4 .5 1.8 1.8 .8 .8 2.0 
7 .6 .5 19.3 1.8 1.9 2.4 1.6 2.3 2.4 3.6 
8 .8 .8 1,0 2.8 1.1 2.7 22.1 1.4 1.3 3.8 
9 1.0 1,2 ,9 9.1 .5 3.4 6.8 1.1 1.3 2.8 
10 1.1 1.2 7,1 37.6 2.8 5.0 10.1 13.5 1.9 8.9 
11 1.1 2,1 1,7 1.1 1.9 9.5 2.1 5.5 3.0 3.1 
12 .8 .9 9,6 2.8 1.3 4.1 45.5 1.4 2.4 7.6 
13 2.1 2.5 2,3 1.7 1,1 9.5 18.1 38.6 5.9 9.1 
14 1.7 1,7 2,0 2.4 79.6 22.6 8.1 1.9 1.6 13.5 
15 1.6 ' 17.7 7,9 5.1 1.0 2.0 5.8 2.0 1,6 5,0 
16 1.7 2.4 11.7 .7 .5 2.2 4.7 1,6 2.A 3,1 
17 .7 1.3 2,6 2.6 .9 3.1 1.8 .8 ,7 1,6 
18 1.3 4.2 27,8 9.8 .7 1.7 1.1 2.0 1.1 5,5 
19 .6 .8 2,9 24.4 .6 2.0 10.5 47.6 1.8. 10,1 
20 1.7 .6 1,1 27.9 29.6 1.0 2.3 1.6 1.3 7,6 
21 .7 .6 ,8 5.3 2.2 2.1 7.4 1.2 1.3 2,4 
Hourly b 
averaae 1.1 2.2 5,0 7.3 6.2 4.1 7.6 7.7 1.8 4.8" 
V^alues in parentheses are averages in full sunlight before and after each sampling period, 
expressed in foot candles. 
O^verall average light intensity (expressed as percent of full sunlight) for the 9 hr period. 
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Pattern Data 
Composite graphs of pattern shown by selected species on the various 
slope aspects are presented in Figures 2, 3, 4, and 5 (note Eirythronfum 
albldum. Carex rosea. Viola sororia. etc.). Any peak In the mean square 
represents a scale of pattern regardless of the sharpness of the peak. 
The great variability in the pattern for the various species is apparent. 
No two graphs are identical, although some are similar (such as those of 
Erythroni^™ albldum on west and south aspects in lAlch both show a scale 
of pattern at block size 128). Some species (e.g., Sanguinaria 
canadensis) show as many as three scales of pattern on one slope aspect 
and only one scale of pattern on a different slope aspect. 
The pattern determined for Carex rosea in the four transects on Ames 
west aspect is presented in Figure 6. Although the graphs show some 
variation within the site, peaks for all four transects are very similar 
(such as the appearance of peaks at block sizes 2 to 4 and 256 to 512). 
Some of the variability in the appearance of the graphs Is due to the 
abundance of the species within the various transects. Carex rosea had a 
mean density of 0.30 and 0.29 in transects 1 and 2, but only 0.13 and 0.10 
in transects 3 «nH 4. Even with this difference, the peaks for all four 
transects are quite similar. 
Relationships between species and certain soil properties are 
presented in Table 5. The total range of pH values in all samples was 
Figure 2. Composite graphs of pattern are shown for Erythronlum aXbldum, Carex rosea, and 
Viola sororia on a particular slope aspect with mean square values plotted 
against block size (The scale of units 1 to 8 along the abscissa is different 
from units 8 to 1024) | 
a. Erythronlum albidum, west aspect 
b. Erythronlum albidum. south aspect 
c. Carex rosea, south aspect ' 
d. Carex rosea, north aspect 
e. Viola sororia. south aspect 
f. Viola sororia. east aspect 
I 
BIOCK SIZE (1 unite 100cm^ ) 
Figure 3. Composite graphs of pattern are shown for Rlbes mlssourlense, Sanpulnarla 
canadensis. Cystopterls fragllls, and Hepatlca acutlloba on a particular slope 
aspect with mean square values plotted against block size (The scale of units 
1 to 8 along the abscissa is different from units 8 to 1024) 
a. Rlbes mlssourlense, south aspect 
b. Rlbes mlssourlense, west aspect 
c. Sangulnarla canadensis, east aspect 
d. Sangulnarla canadensis, north aspect 
! 
e. Cystopterls fragllls, west aspect 
f. Hepatlca acutlloba, north aspect 
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Figure 4. Composite graphs of pattern are shown for Anemonella thalictroldes. MiteXIa 
diphylla, Uvularia grandiflora, Parthenocissus quinquefolla. and Asaruro 
canadense on a particular slope aspect with mean square values plotted against 
block size (The scale of units 1 to 8 along the abscissa is different from 
units 8 to 1024) 
a. Anemonella thalictroldes. north aspect 
b. Mltella diphylla. north aspect 
c. Uvularia grandiflora. north aspect 
d. Parthenocissus quinquefolla. south aspect 
e. Parthenocissus quinquefolla. east aspect 
f. Asarum canadense, north aspect 
4. 
13 4 8 16 33 64 138 3.'i6 512 1034 
BLOCK SIZE (1 unite lOOcm*) 
W 
1 3 4 8 16 33 64 138 356 512 1034 
Figure 5. Composite graphs of pattern are shown for Amphlcarpa bracteata. Claytonia vlr^ lnlca. 
Hydrophyllum vlrginlanum, and Polygonatum canallculatum on a particular slope aspect 
with mean Square values plotted against block size (The scale of units 1 to 8 
along the abscissa is different from units 8 to 1024) 
a. Amphlcarpa bracteata. north aspect 
b. Amphlcarpa bracteata. south aspect 
c. Claytonia vir^ lnlca. east aspect 
d. Claytonia vlrglnlca. south aspect 
e. Hydrophyllum vlr%inlanum, east aspect 
f. Polygonatum canallculatum. east aspect i 
f T t t 't f 
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BLOCK SIZE (1 units 100cm2) 
12 4 8 16 32 64 128 256 512 1024 
Figure 6, Pattern for Carex rosea in transects sampled on Ames west aspect 
a. Transect 1 
b. Transect 2 
c. Transect 3 
d. Transect 4 
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Table 5, Values for soil properties in relationship to species in the transect study 
pH Phosphorous® 
Species Species^  Restricted^  d Species Restricted 
range range RI range ranqe RI 
Hepatica acutiloba 5.6-7.8 6.3-6.7 248 9-54 9-23 329 
Aneraonella thalictroides 5.0-7.7 5.5-6.6 149 9-65 14-22 362 
Mitella diphylla 5.9-7.5 5.9-7.5 200 19-36 19-22 1105 
Carex rosea 5.6-7.1 6.3-6.9 284 13-72 13-26 271 
Uvularia grandiflora 6•3—7.4 6.3-7.4 290 14-27 14-27 485 
Amphicarpa bracteata 5.2-7.8 5.2-7.8 123 9-65 9-26 287 
Sanguinaria canadensis 5.6-7.8 6.6-6.9 535 12-72 12-20 329 
Parthenocissus quinquefolia 4.9-7.5 4.9-6,3 130 18-52 18-27 407 
Asarum canadense 6.3-7.4 6.3-7.4 355 14-27 14-27 485 
Erythronium albidum 4.6-7.2 6.6—7.1 514 14-70 22-34 265 
Claytonia virginica 5.3-7.1 6.1-6.4 469 17-54 23-35 270 
Ribes missouriense 5.2-7.2 6.2-6.6 400 13-60 34-41 354 
Viola sororia 5.0-7.1 6.6-6.9 696 18-65 28-62 212 
Cystopteris fragilis 6.2-6.9 6.2-6.9 457 14-60 22-32 497 
Hydrophyllum virginianum 5.5-7.5 5.5-7.5 160 13-72 13-72 107 
Polygonatum canaliculatum 5.0-6.9 5.3-5.9 295 13-72 13-72 107 
A^vailable phosphorous measured in lb per acre with a range from 9-72. 
''The range of pH values for plots containing at least one individual of that species, 
"^ The range of pH values in which the greatest proportion of individuals of each species 
occurred. 
*^ Index of Restrictedness. 
Table 5. (Continued) 
6 f 
Potassium Ammonia 
Species Species Restricted Species Restricted 
range range RI ranpe rani;(e RI 
Hepatlca acutlloba 155--415 155-255 217 52-430 149-272 189 
Anemonella thallctroldes 123-•415 123-•201 221 54-•430 142-272 144 
Mltella dlphylla 174--322 276. 322 744 74-•430 164-243 440 
Carex rosea 97--461 119-.208 215 36-.272 101-205 194 
Uvularia grandiflora 181. -200 181--200 1930 104-129 104-129 320 
Amphlcarpa bracteata 138. -415 174--247 203 54--430 169-258 343 
Sanguinaria canadensis 153. -364 153--256 165 62--236 89--143 518 
Parthenocissus quinquefolia 94--415 154--240 255 36--258 36-- 95 484 
Asarum canadense 185-200 185. -200 2447 112. -129 112. 129 2300 
Erythronlum albidum 94--365 155. -279 173 41. 272 75. -176 281 
Claytonia vlrglnlca 102. -352 186-256 294 59. -272 86-138 448 
Ribes mlssourlense 97. -365 97. -365 137 62-198 90. -116 547 
Viola sororla 97 -419 97--208 161 54. -274 125. -217 254 
Cystopterls fragilis 173 -321 222. -286 412 63. -198 116. -153 859 
Hydrophyllum vlrginlanum 105 -419 219--260 365 52. -186 139. -186 470 
Polygonatum canaliculatum 105 -419 105. -179 361 54. -198 54-118 508 
A^vailable potassium measured in lb per acre with a total range of 94-461, 
f Available ammonia measured in lb per acre with a total range of 36-430, 
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4.(- to 7.8. The RI values indicate the degree to which a species is 
restricted to a portion of the total range of values for a given soil 
property. Any RI value over 300 is considered sufficiently high for valid 
comparisons^ however» statistical significance could not be determined. 
Ordination Data 
The results of the three-dimensional site ordination using Orloci's 
(1966) method are shown in Figure 7. The Fraser east aspect (stand 9) 
and Ames south aspect (stand 14) are the two slopes most different from 
each other along the X-axis. All other stands occupy a position on the 
graph relative to these two stands. Two general groups of stands are 
evident, one containing stands 9, 6, 2, 5, 7, 10, 12, and 4. The other 
group contains stands 1, 3, 8, 11, 13, and 14. Implications of this will 
be considered in the discussion. The coordinates for the site ordination 
are presented in Table 10, Appendix A. 
A comparison of the two ordination techniques used in this study is 
presented in Table 6, The ordination using Orloci's method is quite dif­
ferent from that of the continuum (Curtis and Mcintosh, 1951), although 
the four sites with the lowest continuum-index numbers do appear at one 
extreme of the X-axis on the three-dimensional graph. This will be 
considered further in the discussion. 
Species ordination using Orloci's method is presented in Figure 8. 
Each peak represents a species, and the numbers represent groups of 
species resulting from the ordination placement. The great variability of 
the species is evident- The two most different species are Ostrya 
Figure 7. Three-dimensional ordination of the 14 stands based on Orloci (1966), 
Numbers designate the following stands; 
1 Ledges north aspect 
2 Ledges west aspect 
3 Ledges south aspect 
4 Ledges east aspect 
5 High Bridge west aspect 
6 High Bridge east aspect 
7 Fraser north aspect 
8 Fraser south aspect 
9 Fraser east aspect 
10 Woodman's Hollow north aspect 
11 Ames north aspect 
12 Ames west aspect 
13 Ames east aspect 
14 Ames south aspect 
1 ni iiJtiir 
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Table 6. Comparison of stand ordination by Orloci (1966) with the 
continuum method of Curtis and Mcintosh (1951) 
Curtis and Mcintosh 
Orloci ordination method^ ordination method^ 
Site Aspect Site Aspect 
Fraser (9)^ E Woodman's Hollow N 
High Bridge (6) E Ames W 
Ledges (4) E Ledges W 
Ledges (2) W Fraser E 
High Bridge (5) W Fraser N 
Woodman's Hollow (10) N High Bridge E 
Ames (12) W Ledges N 
Fraser (7) N Ames N 
Ledges (1) N Ledges E 
Ames (11) N High Bridge W 
Ledges (3) S Ames E 
Ames (13) E Fraser S 
Fraser (8) S Ames S 
Ames (14) S Ledges S 
^Stands arranged with respect to the X-axis. 
^Stands arranged from top to bottom in order of decreasing 
continuum-index number of the stands. 
Q 
Stand number as in Figure 7. 
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vtrglniana trees and Ostrya virglniana seedlings, and these are located at 
the extremes of the abscissa. The implications of this will be considered 
in the discussion. Coordinates for all species considered in the species 
ordination are presented in Table 11, Appendix A. 
Groups of species with similar coordinates are presented in Table 7. 
Also included are groups which exist but \rftich could not be pointed out on 
the three-dimensional graph. 
An alphabetized list of all species included in any sample plot in 
this study is presented in Table 9, Appendix A. Nomenclature is after 
Femald (1950). 
Figure 8, Three-dimensional ordination of 87 species* occurring on the 14 study sites based on 
Orloci (1966) 
Numbers represent groups of species as follows: 
1. Hepatica acutiloba groupé 
2. Carex alburs.lna group 
3. Sanicula canadensis group 
4a. Oxalis stricta group 
4b. Ulmus rubra group 
5. Panicum latifolium group 
6. Smilax herbacea group 
7. Asarum canadense group 
8. Quercus alba group 
9. Osmorhiza longistylis grôup 
species was not considered unless it occurred with a frequency of five percent or 
greater in at least one stand. 
For members of each group, see Table 7. 
^Groups 4a and 4b do not appear as separate groups on the graph due to obstructing peaks 
but are represented as group 4. 
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xabie /. Groups of species arranged by Orlocl's (1966) ordination 
procedure 
1. Hepatica acutiloba 
Fraxinus pennsylvanica (s) 
Uvularla grandiflora 
Tilia americana (1) 
Specularla perfollata 
2. Carex albursina 
Carpinus caroliniana (1) 
Aesculus glabra (1) 
Viola pensylvatica 
Quercus rubra (s) 
Smilacina racemosa 
3. Sanlcula canadensis 
Cryptotaenia canadensis 
4a. Ulmus rubra (1) 
Mitella diphylla 
Carya ovata (s) 
Celtis occidentalis (s) 
Hydrophyllum appendiculatum 
4b. Oxalis stricta 
Impatiens pallida 
Chenopodium album 
Silene stellata 
5. Panicum latifolium 
Prunus serotina (s) 
Arisaema triphyllum 
Smilax tanmoides hispida 
Comus spp. 
Carya cordiformis (s) 
6. Smilax herbacea 
Rhus radicans 
Tilia americana (s) 
Menispermum canadense 
Prenanthes alba 
Amelanchier arborea 
7. Asarum canadense 
Acer nigrum (s) 
Ulmus spp. (s) 
Fraxinus nigra (1) 
Bromus purgans 
Fraxinus pennsylvanica 
8. Quercus alba (1) 
Podophyllum peltatum 
Fraxinus nigra (s) 
9. Osmorhiza longistylis 
Aquilegia canadensis 
10.^ Anemonella thalictroides 
Polygonatum canaliculatum 
Carya cordiformis (1) 
Staphylea trifolia 
11. Acer nigrum (1) 
Sanguinaria canadensis 
Carex blanda 
Helianthus tuberosus 
12. Amphicarpa bracteata 
Viola sororia 
Phryma leptostachya 
Ribes missouriense 
13. Adiantum pedatum 
Cystopteris fragilis 
Ulmus americana (1) 
14. Carex rosea 
Eupatorium rugosum 
Veronica arvensis 
Celastrus scandens 
^Groups which could not be labeled on Figure 8 due to obstruction by 
some other groups. 
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DISCUSSION AND CONCLUSIONS 
Description of Stands 
It has been concluded (Sanders» 1967) that the best approach to a 
description of Iowa's slope forests is that of the continuum as outlined 
by Curtis and Mcintosh (1951). The continuum is based upon the hypothesis 
that all potential species of a given stand respond to the same set of 
environmental factors in such a manner that species aggregations vary 
continuously from stand to stand instead of forming discrete vegetative 
units. All sites included in the present study were ordinated using the 
continuum-index of Curtis and Mcintosh. 
In Table 1, some tree species show a tendency toward higher 
importance values in stands with higher continuum-index numbers (Acer 
nigrum, Tilia americana, and Fraxinus nigra), while other tree species 
show the reverse tendencies (Quercus alba and Carya ovata). These 
tendencies reflect the ecological amplitude of the various species. 
Quercus alba and Carya ovata may be found as codominants in stands with 
low continuum-index numbers but never occur as codominants with Acer 
nigrum, or Tilia amerlcana, which occur as dominants in stands of higher 
continuum-index numbers. 
Some species, such as Quercus rubra and Ostrya virginiana, occur in 
stands throughout the portion of the continuum-index shown, which indi­
cates that these species have fairly broad ecological amplitudes. Quercus 
rubra shows a slight tendency to have higher importance values in stands 
with lower continuum—index numbers. When the data of Sanders (1968) are 
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compared with those of the present study, Ouercus rubra shows a peak in 
the 2250 to 2350 range of the continuum-index. This suggests that the 
climax-adaptation number assigned to Quercus rubra was too low. Climax-
adaptation numbers used in this study are for the most part taken from 
the list of the climax-adaptation numbers used by Curtis and Mcintosh 
(1951). Others were assigned by the author using site preference informa­
tion from Harlow and Harrar (1968). The use of these values has been 
criticized as being subjective. The numbers assigned to species by 
Curtis and Mcintosh were based upon their interrelationships in 95 stands. 
They suggested that these climax—adaptation numbers could be used for any 
study in the same floristic province as southwestern Wisconsin. Based 
upon the composition of the cancpy species, the slope forests of central 
Iowa appear to be part of the same floristic province as southwestern 
Wisconsin. 
The importance values of Ostrya virginiana vary considerably from 
stand to stand. They tend to increase in stands with higher continuum-
index numbers, especially if individuals less than three inches DBH are 
not included. Ostrya virginiana tends to have high densities in stands 
with low continuum-index numbers and fewer but larger individuals in 
stands with high continuum-index numbers. 
A number of species either showed no trends in relationship to the 
continuum-index or were of too infrequent occurrence for trends to appear. 
Aescuius glabra and Populus tremuloides represent species of infrequent 
occurrence in the stands, while Ulmus rubra, Ulmus americana, and Fraxinus 
pennsylvantca, although abundant, showed no definite trends. 
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The average cover velues for all species in. the 14 study site® 
presented in Table 2 show the same general trends for tree species as 
did the importance values In Table 1. Tree seedlings and herbaceous 
species also show tendencies to occur with greater abundance at certain 
levels of the contlnuim-lndex. Some species have higher average cover 
values in stands with higher contlnuum-lndex numbers %hlle others show 
higher average cover values in stands with lower contlnuum-lndex numbers. 
Some species which have high average cover values In stands with high 
contlnuum-lndex numbers are Uvularla grandlflora, Cystopterls fragllls » 
Anemcnella thallctroldes, Hepatlca acutlloba, etc. Carex blanda, Rlbes 
mlssourlense, Panlcum latlfollum, Bromus purgans, etc. represent species 
with low cover values in stands with high contlnuumr-lndex numbers. The 
fact that species show trends in relation to the contlnuum-lndex supports 
the concept of continuously varying aggregations of species. Many 
species do not occur together as codomlnants In the herbaceous layer due 
to differences In their optimal ecological amplitudes even though their 
amplitudes overlap. For Instance, Carex blanda has relatively high cover 
values in stands with low contlnuum-lndex numbers, lAiile Hepatlca 
actttlloba has high cover values In stands with higher contlnuum-lndex 
numbers. Both species occur in several stands together, but they do not 
assume the roles of herbaceous codomlnants in any stand. 
The seedlings of most tree species occur generally in the study 
sites. Two exceptions are seedlings of Qtiercus alba and Ostrya 
virginlana both of which show lower average cover values In stands of 
higher contlnuum-lndex numbers. This suggests that Quercus alba and 
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Gscrya virginiana do not become established as readily in stands with 
deep shade, a characteristic of stands with higher continuum-index numbers. 
Ostrya virginiana has the capacity to survive in these stands of deep 
shade once established* while Quercus alba apparently does not have this 
capacity. These capacities are important in the assignment of climax-
adaptation numbers. 
Many herbaceous species are found in only one or two of the study 
sites. Among these are Apocynum cannabinum, which occurs in an opening 
on a south aspect adjacent to a bald; Antennaria fallax, which is 
associated with a slight disturbance in the Ledges area; Dryopteris 
goldiana and Danthonia spicata which are found only in Woodman's Hollow, 
the northernmost study site; and Laportea canadensis which occurs in two 
stands in depressions where moisture accumulates. 
The quarter method and random-pairs method (Curtis, 1959) were 
deemed poorly suited to use in sampling the canopy because the study 
sites were generally too small. An alternate method was devised for 
determining inçortance values for the canopy species using frequency 
values obtained for species during the random-plot study. Relative 
density and relative dominance were determined using quadrats (52 feet x 
52 feet) in which a total count of all individuals was made. This method 
required a minimum of additional effort. 
The mean values for selected soil characteristics presented in 
Table 3 also show trends in relationship to the continuum-index. Values 
for available ammonia and phosphorous definitely increase (a significant 
regression at the .01 level) in stands with higher continuum—index 
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numbers while values for potassium are not significance Cranshav ec ai. 
(1965), using multiple regression» studied the relationships between soil 
factors and trëê species in Indiana and found percentage of nitrogen to be 
an important factor in the distribution of many species. Thomson (1956) 
also found nitrogen to be an important factor affecting the growth of 
black walnut in southeastern Iowa. Values for pH increase in stands with 
higher continuum-index numbers if one of the study sites is discarded. 
The stands with the highest pH (Ledges south aspect) is on a very steep 
slope with a minimum of soil development due to erosion. The exposed 
glacial till is usually high in calcium carbonate. 
The soil nutrients considered in this study appear to be related to 
pH at least partially due to the effect of pH upon availability. Stands 
with lower pH values show high values for potassium. Relationships be­
tween pH and available ammonia and phosphorous are also shown. 
A comparison of the soil data obtained from the transect study with 
the data from the random-plot study shows that values varied more in the 
transect study. This is primarily due to the method of obtaining the 
samples. In the random-plot study, samples were lumped in groups of ten 
to form composite samples, causing a reduction in the amount of variation. 
A second consideration is that in the transect study, samples were taken 
to a depth double that of the random-plot study. 
The data from Figure 1 and Table 4 concerning the intensity of light 
received by selected quadrats on a west aspect show great variability 
from plot to plot and from hour to hour. During the 1:00 to 2:00 P.M. 
sampling period, plot 13 received 1.1 percent of full sunlight and plot 
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14 received 79.ô percent vf £uXl swall&aL. rXw>t 14 received 2.4 pérêêat 
of full sunlight from 12:00 to 1:00 P.M., but received 79.6 percent of 
full sunlight from 1:00 to 2:00 P.M» Each plot received in at least one 
hour substantially more sunlight than the average per hour for that plot. 
The lowest percent of full sunlight received by any plot was 1.2 percent 
(plot 2). The intensity of light received by several plots (Table .4) 
was below five percent of full sunlight for every hour of sampling. 
Evans (1956) reported that rain forest in southern Nigeria received an 
average light intensity of three percent of full sunlight at midday, with 
80 percent of this representing stmfleeks. He also found that the under­
story species received less than one percent of full sunlight for the 
major portion of a day (with values above the compensation point only 
around midday). Ify results show that Iowa slope forests also have quite 
low light intensities. Over half of all plots sampled had less than one 
percent of full sunlight reaching the top of the herbaceous layer. The 
overall average light intensity was 4.8 percent of full sunlight which is 
somewhat higher than that shown by Evans for rain forest in Nigeria. 
Plots one through nine were located beneath a very dense understory 
of Ostrya virginiana. Relatively few individuals of herbaceous species 
were present in this portion of the transect. Plots 10 through 16 were 
in a portion of the transect area which had neither a dense understory of 
Ostrya virginiana nor a completely closed overstory. This situation was 
brought about by the recent death of a large individual of Quercus rubra. 
The significance of the death of individuals of the canopy will be dis­
cussed later. It is in this portion of the transect that the greatest 
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concentration ot individuals was found (except tor prevernal species such 
as Erythronium albldum). Plots 16 through 21 were in an area of dense 
under8tory of small Ostrya vlrglniana similar to the situation in plots 1 
through 9. 
Pattern of Species 
Discussion of the use of analysis of variance in pattern detection 
It is generally accepted by British workers and their associates that 
the method developed by Greig-Smith and Kershaw is not only sound from a 
theoretical standpoint, but actually is a useful analytical tool 
(Thompson, 1958). The method was tested and found reliable by Kershaw 
(1957) using artificial populations. He noted, however, that the 
abundance of the species must not be too low. The idea that variance in 
sanç>les will increase to the area of clump size and then decrease needs no 
further consideration. The use of this method is similar to an experiment 
for determining the effects of various treatments. In this case, the 
total variance for the model is partitioned to the various sizes of 
quadrats instead of to treatments. The method can detect even faint 
scales of pattern; thus it provides a sensitive test for the detection of 
pattern (Kershaw, 1964). 
In earlier studies (Greig-Smith, 1952a) in which the method was used, 
the data were transformed because the samples were not taken at random 
and also because the individuals were known to be distributed in a 
contagious manner. Greig-Smith (1961a) pointed out that this procedure is 
unnecessary unless tests of significance are to be used. Since tests of 
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significance ace inappropriace* the daca treated in chis study were not 
transformed. 
Discussion of general causes of pattern 
î^ny factors affect the distribution of individuals of a species 
in a stand. Most pattern has been related to the biology of the species, 
primarily through vegetative reproduction and distance of seed dispersal, 
or to environmental factors. Morphological pattern generally occurs at 
the smaller block sizes, while scales of pattern at the larger block 
sizes represent the effects of environmental factors. Kershaw (1964) 
points out that slight pattern is probably the result of a single 
environmental factor, but that a sharp peak is generally affected by a 
complex of environmental factors which may or may not be fully understood. 
Morphological pattern xn the present study is quite common, usually the 
result of vegetative reproduction associated with rhizome development. 
While it is fully understood that it is a response of individuals 
to an environmental complex consisting of the factors of solar radiation, 
soil moisture, and temperature (along with a myriad of other environ­
mental factors) which determines the pattern of any species in a stand, 
certain more general phenomena appear to be of considerable importance in 
this study. The periodic death of large individuals of the canopy 
stratum plays a very Important role in determining the pattern shown by 
many species. The death of these individuals drastically affects the 
environmental complex by increasing the amount of solar radiation reaching 
the herbaceous layer and by increasing the temperatures at this level. 
This also affects the distribution of available nutrients within the 
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stand by releasing a considerable quantity of these In relatively short 
periods of time. All of these events result In a microsuccession of 
herbaceous plants culminating in a return to stable conditions when the 
canopy becomes closed again. Species which thrive in the more xeric 
conditions which prevail tençorarily (over the course of several years 
while the canopy is open) are able to dominate the more mesic species. 
This relationship (openings in the canopy resulting from the death of 
canopy individuals)shows up several times in the present study. 
The microdrainage patterns which exist in any stand are also 
instrumental in affecting the pattern shown by many species. The high 
amounts of leaf litter and other particles which accumulate behind 
obstructions in these drainage patterns exclude some species while 
offering a suitable habitat for the growth of other species. Beals and 
Cope (1964) suggested that the moisture regime is the single most 
important factor affecting most mesic herbs in Indiana. However, most 
of their study sites were on gentle slopes. 
Analyses of variance for certain soil nutrients and pH show that 
these properties are distributed in a nonrandom manner within a given 
stand. None of these shows scales of pattern in all stands sampled, and 
the pattern shown by a given soil property varies from stand to stand as 
well as within a given stand. The following is a brief summary of the 
pattern shown in the five transects sampled, with numbers representing 
block sizes at which scales of pattern were detected: 
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a iTansecc m 
Ledges north 
Ames east 
Ames west (Tl) 
Ames west (T3) 
Ames south 
128 
64 
128 
256 
64 
64 none 
128 
none 128 
64 
128 
128 
128 
non'. 
none 
256 
128 64,256 
none 
Discussion of pattern of individual species 
In Figure 2a and 2b» two scales of pattern are shown for Erythronium 
albldum on a west aspect and one scale of pattern on a south aspect. The 
pattern shown by this species on the west aspect at a block size of 16 
species becomes established in a given spot and starts to spread from 
this point to occupy areas favorable for its growth, the original points 
of establishment will show higher densities of individuals through vegeta­
tive reproduction by bulbs which send out long propagative shoots. 
Therefore, the density will be highest in the area immediately adjacent 
to the bulb resulting in the scale of pattern shown at block size 16. The 
absence of a scale of pattern at block size 16 on the south aspect 
perhaps suggests that the species has been established there for a longer 
period of time. As Erythronium albldum becomes established and the clumps 
spread, the original individuals may die; consequently, the large number 
of individuals associated with the original bulbs is reduced and there is 
a tendency for a more randomly distributed population at the smaller 
scales. 
2 
units (1600 cm ) is possibly related to the age of the clumps. As the 
refers to available ammonia (final ammonia minus initial 
anssonla). 
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The scale of pattern shown for Erythronium albidvim at block size 128 
on both aspects is difficult to interpret. It represents an increase in 
the density of individuals at a scale between the pattern shown at block 
size 16 and the overall clump size (which shows a scale of pattern at a 
scale greater than block size 1024» the maximum size tested in this 
study). This scale may be related to the distribution of pH values 
which show a peak with analysis of variance at a block size equivalent to 
the vegetative pattern at block size 128. The mean squares for K, PO^, 
and available also show peaks at this scale, but the RI values 
(Table 5) for each suggest that the distribution of Erythronium albidum 
is not closely correlated with any of the three. Light is probably of 
little importance in the distribution of the individuals of Erythronium 
albidum since it is an early spring species which appears prior to 
leafing out of the canopy species. It occurs here on the more gentle 
slopes (20 to 30 percent) which corresponds with the study by Seals and 
Cope (1964). 
Carex rosea (Figure 2c and 2d) shows a scale of pattern at block 
size 4 which is interpreted by the author to represent individual clump 
size related to vegetative reproduction. The repeating peaks for Carex 
rosea on the south aspect quite likely are the result of the species 
occurring only in a portion of the transects. This species was seldom 
observed beneath the canopy of small Ostrya virginiana. The distribu­
tion of Carex rosea might be related to the distribution of pH and PO^. 
The analyses of variance for pH and PO^ on the north and south aspects 
show that pH is distributed at the same scale as Carex rosea on the north 
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aspect (equivalent to a block size of 12»), while PO^ Is distributed at 
the same scale of pattern as Carex rosea on the south aspect (block size 
256). The tendency to show peaks which alternate at every other block 
size appears in several of the graphs for other species. 
Figure 2e and 2f represent pattern shown by Viola sororia on south 
and east aspects, respectively. The graphs appear quite different yet 
may be interpreted in a similar manner. The peaks at the small block 
size represent morphological pattern associated with the clumped nature 
of growth of the species. The RI value for this taxon with pH is very 
high (Table 5). The values from the analyses of variance for soil 
properties suggest that pH is distributed at the same scale as Viola 
sororia (block size 64) on the east aspect but does not appear to be 
correlated with this taxon on the south aspect. The scale of pattern for 
Viola sororia on the south aspect at block size 128 could be related to 
the distribution of NH^ which shows a scale of pattern at block size 128; 
however, the RI value for NH^ with Viola sororia is only 254. 
Ribes missouriense shows similar distributional patterns on both 
south and west aspects (Figure 3a and 3b) . Two scales of pattern are 
shown at the smaller block sizes. The peak at block size 4 represents 
mean clump area, and thus represents morphological pattern related to 
vegetative reproduction of stems from the base of this shrub. Factors 
responsible for the scales of pattern at block size 8 and block size 16 
are undetermined at this time, but the scale of pattern at block size 512 
on the west aspect is quite likely related to openings in the canopy. 
Ribes missouriense thrives beneath open-grown trees or in openings in the 
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canopy of other stands. Since the south aspect is much more open and 
uniform in light patterns than the west aspect, it is not surprising 
that the scale of pattern at block size 512 is absent. This is a case 
where the same environmental factor varies in its distributional pattern 
from one aspect to another. The peak at block size 512 on the south 
aspect might be related also to the distribution of pH, and PO^. 
RI values are high for all three properties, and the analysis of 
variance suggests that any of the three properties could be related to 
the distribution of Ribes missouriense because all three show scales of 
pattern at block sizes 256 or 512. 
Sanguinaria canadensis shows striking differences in types and 
scales of pattern on the east aspect as compared to the north aspect 
(Figure 3c and 3d). Three scales of pattern are shown for the species 
on the east aspect, but only one scale of pattern was detected on the 
north aspect. The absence of a peak at the lower block sizes on the 
north aspect suggests a strong tendency against formation of large clumps. 
This indicates to the author that the role of vegetative reproduction for 
Sanguinaria canadensis may be less on north aspects than on east aspects. 
There is a tendency for clumps to remain small on north aspects, but also 
to scatter over a greater amount of the total area since much of the area 
is suited to the species. The distribution of the Individuals of 
Sanguinaria canadensis seems more likely to be related to the distribution 
of pH or NH^ values. RI values for both soil properties are high, and 
both properties show scales of pattern at block sizes 128 and 256 for the 
plant species. Seals and Cope (1964) found Sanguinaria canadensis only 
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on sites with five to six percent organic matter in the soil. 
Cystopteris fragilis (Figure 3e) shows four scales of pattern on a 
west aspect. A scale of pattern at block size 4 represents morphological 
pattern related to rhizome growth. Femald (1950) in his taxonomic 
description reported that Cystopteris fragilis tends toward tufting of 
fronds 2-4 cm from the growing tip. The other scales of pattern are due 
to the high density of individuals in only a portion of the transect. As 
previously indicated, the death of a large Quercus rubra was influential 
in creating this condition since Cystopteris fragilis is observed most 
often in areas of fairly low light intensities. Both pH and are 
correlated with the distribution of Cystopteris fragilis based on RI 
values. The analyses of variance for these two soil properties on the 
west aspect (with peaks at a block size of 128) suggest that either 
property could be influencing the distribution of Cystopteris fragilis. 
The pattern of Hepatica acutiloba on a north aspect is shown in 
Figure 3f. The smallest scale of pattern at the 2-4 block size 
represents morphological pattern of the clump. Analysis of variance for 
PO^ on the north aspect suggests that this property is distributed in a 
random manner in this stand; therefore, it cannot be correlated with the 
distribution of Hepatica acutiloba even though the RI value for PO^ in 
relation to Hepatica acutiloba was found to be quite high. Of the other 
soil properties considered, pH is the most likely to be correlated with 
the distribution of the individuals of Hepatica acutiloba. The mean 
square values for pH show a peak at block size 128, but the RI values 
does not exceed 300. 
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Anemoneila thaiictroides on the aorch «spëcc exhibits two scales of 
pattern» one at block size 4 and the other at block size 128 (Figure 4a). 
The scale of pattern at block size 4 represents vegetative reproduction 
associated with thick tuberous roots. The peak at block size 128 is 
probably related to shading since Anemonella thaiictroides is most often 
observed growing in association with Acer nigrum and Tilia americana, 
both of which allow very little light to penetrate their canopy. The 
analysis of variance for pH on the north aspect shows a peak at block 
size 128, but the RI value is low. A high RI value for PO^ exists, but 
FO^ is distributed randomly at the levels considered in this study. 
Therefore, potassium is probably more closely correlated with the 
distribution of the individuals of Anemonella thalictroides than any of 
the other soil properties considered. Mean squares for potassium show 
a peak on the north aspect at block size 64, and the RI value for 
Anemonella thalictroides is 221. 
Mitella diphylla (Figure 4b) shows three scales of pattern on the 
north aspect. This again reflects the absence of the species in a large 
portion of the transects. In this particular case, the transects crossed 
two small ridges devoid of this species, perhaps due to the more xeric 
conditions here than in the rest of the transect. The peak at block size 
16 possibly represents a larger scale of morphological pattern associated 
with vegetative reproduction from stout rhizomes. One or more of the 
scales of pattern at the larger block sizes could be related to the 
distribution of potassium or NH^. Analyses of variance for both soil 
properties show peaks at block sizes 64 and 128, and RI values for both 
properties are high. 
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north aspect. The scales of pattern at block sizes 1 and 4 represent 
morphological pattern associated with rhizome development. The factors 
responsible for the peak at block size 32 are not evident, although this 
scale of pattern could be related to the distribution of potassium. The 
RI value for potassium is high, and the analysis of variance shows a peak 
for potassium on the north aspect at block size 64. 
Four scales of pattern are shown for Parthenocissus quinquefolia 
on both south and east aspects (Figure 4d and 4e). The peaks at block 
sizes 2, 4, 8, and 32 represent morphological pattern with the scales of 
pattern at block sizes 2 and 4 being related to leaf arrangement. The 
peaks at block sizes 8 and 32 are related to spread of the individuals 
through vegetative reproduction by stolons. Scales of pattern at block 
sizes 128 and 512 appear to be related to the distribution of potassium 
and NH^ in these stands. Both have high RI values and both show scales 
of pattern at block size 64 for each property on the east aspect and at 
block size 128 on the south aspect. Parthenocissus quinquefolia seems to 
be an opportunistic species on poor sites because it reaches its greatest 
development in association with low pH, low phosphates, and low ammonia. 
It was often observed as the only herbaceous species in the sample plot. 
Asarum canadense (Figure 4f) shows four scales of pattern on a north 
aspect. The àecTeas& in mean square from block size 1 to block size 2 
represents morphological pattern related to the orientation of leaves %Aich 
arise in pairs from the terminal branch of a creeping rhizome. The peak at 
block size 8 reflects areas of greatest growth activity within the large 
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clunks o£ the speci.es» chus represeatiujs itttir^sp«:ci£ic COmpêtitiOiii or 
sociological pattern. The scale at block size 64 reflects the size of 
the large clumps» a fairly large scale of morphological pattern. The 
peak at block size 512 is probably related to some environmental factor, 
but the species occurred too infrequently in the transect for a valid 
comparison of RI values to be made. 
The scales of pattern shown by Amphicarpa bracteata (Figure 5a and 
5b) are quite easily interpreted. This species, a trailing perennial 
according to Femald (1950), produces two types of fruit (Struik 1965). 
One type of fruit is home on aerial branches, with three or four seed 
per legume. The other is borne beneath the ground surface at the base of 
the stem with one large seed produced in each legume (Femald, 1950). 
Consequently, it is not surprising that more than one scale of morpho­
logical pattern was detected for this species. Struik (1965) suggests 
that Amphicarpa bracteata is really an annual, but appears to be a 
perennial because of the high germination rate of the subterranean seed 
at the base of the old stem. The scale of pattern at block size 4 is 
related to this underground fruit because several stems arise from the 
same point. The scales of pattern at block size 16 on the north aspect 
and block size 32 on the south aspect reflect seed dispersal of the 
aerially-bome fruit, even though Struik observed a low germination rate 
in them. As new individuals become established, they produce both types 
of fruit, thereby increasing the area and density of the clumps. 
The presence of additional scales of pattern at block sizes 128 and 
512 is related to the occurrence of Amphicarpa bracteata only on two 
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small ridges where the slope was more gentle and the soil was more 
developed. Since these ridges occupy a relatively small portion of the 
total area of the slope, the repetitive nature of the peaks is 
difficult to Interpret. The RI value for NH^ is high, but this could 
well be a case where the plant more directly influences the distribution 
of the soil property. Amphicarpa bracteata is associated with the fixa­
tion of nitrogen by nitrogen-fixing bacteria in root nodules. 
Claytonia virginica (Figure 5c and 5d) shows a scale of pattern at 
block size 128 on both east and south aspects. This is related possibly 
to the distribution of potassium or NH^. Both RI values are high and the 
analysis of variance shows that both properties have peaks at block sizes 
64 and 128 on both aspects. A scale of pattern at block size 8 for 
Claytonia virginica on the south aspect is probably related to the produc­
tion of large clumps from corms. 
The scale of patt am at block size 4 for Hydrophyllum virglnlanum 
(Figure 5e) on the east aspect is related to vegetative reproduction from 
short rhizomes. The factors responsible for the scale of pattern shown 
at block size 128 are unknown. However, potassium and NH^ have very high 
RI values with respect to this species, and the mean squares for both 
potassium and NH^ peak at block size 64. This suggests that either 
potassium or NH^ could be affecting the distribution of Hydrophyllum 
virglnlanum on the east aspect. 
Polygonatum canallculatum shows a scale of pattern at block size 64 
on the east aspect (Figure 5f). This could represent development by 
vegetative reproduction from deeply burled rhizomes. It could also be 
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related te the distributiciî of petassitizi er HE.^ since the EI values for 
both are high and the analyses of variance for both soil properties show 
peaks at block size 64. 
Pattern determined for Carex rosea in the four transects sampled on 
the west aspect is shown in Figure 6. These data will be used to discuss 
the procedure for determining the composite graphs presented in Figures 
2-5. Each graph for the transects shows a peak at either block size 2 or 
4. Three of the four transects show peaks at block size 4. Therefore, 
the scale of pattern on the composite graph was selected to occur at block 
size 4. All transects show a scale of pattern at block size 32 or 64. 
Since two graphs show the peak at each of these block sizes, it was 
decided to place the peak on the composite graph at block size 64. Three 
of the four transects show a peak at block size 256 whereas the other 
transect shows a peak at block size 512. Consequently, the scale of 
pattern was placed at block size 256 on the composite graph. 
Heights of peaks on the composite graphs were drawn relative to the 
heights on the individual graphs. The height of the points of the graph 
are of minor iiiq>ortance; thus, a low peak at block size 4 is just as 
informative as a peak ten times higher at another block size. 
The procedure outlined above for determining the composite graphs is 
subjective. Giving equal weight to all transects on a site for a given 
species was found to be the best way to summarize the data. A method of 
summing all mean squares across transects for a given block size was 
given consideration, but it was found that the high abundance of the 
species in one of the four transects might hide a scale of pattern detected 
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at a given block size in che ocher three transects. Preseacation «•£ thé 
data using line graphs followed the procedure of other authors (Kershaw» 
1964; Greig-Sœith» 1964). 
It is the opinion of the author that chance is of minor importance in 
the distribution of the plant species considered in this study. It is 
impossible to prove that chance alone was responsible for the distribution 
of a given plant species. A plant species which shows a random distribu­
tion by analysis of variance may be highly correlated with one or more 
environmental factors which are distributed in a random manner. It is 
only possible to show that a number of environmental factors are not 
related to the distribution of a given species. 
Discussion of the Index of Restrietedness 
The values for soil properties shown in Table 5 were important in 
the interpretation of the pattern shown by plant species. These data 
suggest that additional soil properties and other environmental factors 
should be given consideration, especially the distribution of calcium. 
Many of the herbaceous species of these slope forests appear to show a 
correlation with soil development, positively or negatively. The EI 
values (Index of Restrlctedness) were useful in determining characteris­
tics of greater or lesser importance in the distribution of the individ­
uals of a given species. 
The Index of Restrlctedness offers a method of con^aring all 
environmental factors for which quantitative data are available. Using 
percentage values, a comparison of the response of a species to pH and 
potassium can be made lAich otherwise would be difficult because pH is 
83 
expressed as the negative log of the hydrogen ion concentration and 
potassium is expressed in lbs per acre. 
By ordiuating the values for each soil property from lew to high 
and comparing the species response to these values, it was possible to 
visually select that portion of the gradient in which the greater 
proportion of individuals occurred. It was advantageous to select the 
largest number of individuals occurring in the smallest portion of the 
total range of values for the soil property. The total maximum RI value 
possible depended upon the ratio of the total range to restricted range. 
The larger the total range and smaller the restricted range, the larger 
the RI value. Some species occurred in only two or three of the 130 
sample plots, which is an inadequate sample for these RI values to have 
much meaning. These species are shown in Table 5 with RI values greater 
than 1500. 
For those species showing a low RI value, a second attempt was made 
to determine whether or not a higher RI value could be obtained. The RI 
value for only one species was higher after the second attendit, but the 
RI value was still quite low in relation to that obtained for other species. 
Any RI value over 300 was considered to be high enough to be of some 
significance. It appears that no test of significance is applicable in 
this case since the samples were not taken at random. Part of the deter­
mination of the RI value was made on the basis of the nonrandom distribu­
tion of the plant species in relation to the soil properties. All RI 
values, even those below 300, can be used to rank species response to a 
given number of environmental properties (e.g., an RI value of 167 for 
property A suggests that the species is more restricted to certain ranges 
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of the values for property à than for property 5 which ha» an SI value 
of 131). 
Whether or not the EI values change with time is not known. Some 
variation from year to year should be expected. The RI values were 
determined for data taken in 1968. 
One of the problems with the Index of Restrictedness is that no 
provision is made for evaluating interaction between two related environ­
mental factors. What is the relationship of the distribution of a 
species, say Erythronium albidum, to the interaction between the 
distributions of pH and potassium above the response to either of these 
factors alone? 
Ordination of Stands 
The stand ordination using Orloci's technique (1966) is shown in 
Figure 7. The stands were ordinated in such a manner that Fraser east 
aspect and Ames south aspect are at opposite extremes of the X-axis. All 
other stands were placed in relationship to these using species scores 
(frequency X cover) to determine the position of a given stand on the Y 
and Z axes. 
Two general groups of stands are shown. The group occupying the left 
portion of the figure is composed primarily of stands of east and west 
aspects. The other group is made up of north and south aspects, with the 
south aspects occupying the extreme right side of the figure. This is 
surprising since numerous studies indicate that north and south aspects 
are quite different vegetatively. Therefore, the Orloci ordination may 
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not be adéquats in. describing the vesstation of these slopes % TM? 
placement could be due to the larger number of species present on the 
east and west slopes. North and south aspects represent the extremes in 
environments of the slope forests, and few species have the environmental 
amplitudes to grow on both aspects. The east and west aspects have some 
environmental conditions common to both the north and south aspects, and 
the result is a mixing of species. Consequently, more species should be 
present on either east or west aspects than on north or south aspects. 
This was found to be the case when the raw data were examined again. 
Cover and frequency values were used together to obtain species 
scores for ordination. Using cover values alone would result in a differ­
ent ordination of the vegetation of these slope forests. Also, a number 
of rare species were omitted from the ordination. 
Although the ordination was accomplished using attributes only of 
the vegetation, the X, Y, and Z axes should be related to some factor of 
the environment. It is possible that the X-axis represents a moisture 
gradient, but this is only conjecture. Testing this hypothesis would be 
difficult but possible. One of the shortcomings of the technique is that 
unless very detailed environmental data are collected for a large number 
of factors at the same time that the vegetation is sampled, association of 
any factor with any axis is not only difficult but impossible. 
The comparative ordination of the stands using Orloci's technique 
and the continuum-index of Curtis and Mcintosh (1951) is considered in 
Table 6. South aspects occupy one extreme of both ordinations. Therefore, 
stands with low continuum—index numbers occupy the right portion of 
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Figure 7. Orloci^s ordination method suggests that east aspects are the 
most different from the south aspects, while no particular aspect is any 
more distant along the continuum—index than any other in respect to the 
south aspects. Perhaps this suggests that in reality, south aspects 
comprise a fairly distinctive unit of vegetation, with all other aspects 
forming a second vegetative unit. There is much variation, however, even 
within stands grouped together (Tables 1 and 2). 
Canopy species only were considered in the ordination of the stands 
using the continuumr-index, t^ereas all species of the stand were used in 
the ordination using Orloci*s approach. One advantage of using the 
continuum-index is that environmental factors can be related to the 
continuum-index much more easily than with Orloci's technique. This is 
partially because the continuum-index is a linear ordination. 
Species ordination in three dimensions is shown in Figure 8. Ostrya 
virglniana trees and Ostrya virginiana seedlings are the most different 
entities with respect to the X-axis. This is probably related to shading 
effects, since Ostrya virginiana trees form a dense canopy under which 
very few seedlings of the species are found. 
Several groups of species are labeled in the figure. These represent 
groups of species which show similar responses to those factors influencing 
the ordination on the three axes. Theoretically, it is not necessary that 
the members of any group all occur together in the same plots in the same 
stands. The species con^rlsing each numbered group are presented in Table 
7. In addition, several groups are listed which were obscured by the 
peaks of the species included in the ordination. Based upon field 
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and 4b, 5, 6, 10» 12, and 14 comprise fairly distinct units which could 
likely be found in a stand, and which likely represent positive correla­
tions between the members of the groups. Group 4a and 4b occur very 
close together with respect to the X and Y axes but are separated by 
the Z-axis represented by the height of the peaks. Other groups listed 
may also represent distinct units, but the relationships between member 
species were not apparent. 
Group 11 appears unnatural. Two members, Acer nigrum trees and 
Helianthus tuberosus, never occurred in sample plots together although 
both species occurred in four of the study sites. The growth require­
ments of Helianthus tuberosus would exclude it from being positively 
associated with Acer nigrum trees. Helianthus tuberosus requires much 
more open conditions than present in stands where Acer nigrum is 
abundant. This suggests one of two possibilities. First, the associa­
tion detected using this ordination procedure is for a large scale 
distribution, and the stands where both species occurred together are not 
completely homogeneous. Second, the validity of the Q—analysis of Orloci 
to determine associated groups of species, using the sum of frequency 
times the sum of cover as a species score, is questionable. 
Further Study 
It is desirable to determine the distributional patterns for the 
individuals of a considerable number of other species comprising the 
herbaceous understory in these slope forests. This will hopefully lead 
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to a decejnni,nakci.ua P£ grwwps c>£ spëcÂêâ with siaiilâï uiâtributlortâl 
patterns and perhaps to information concerning some of the sociological 
pattern in these forests. More work is needed to relate plant pattern to 
succession. 
Relationships between species distribution and environmental factors 
must be studied more extensively. The soil factors considered in this 
study were chosen for their ease of determination. These factors show 
relationships to certain species distributions; therefore, other soil 
and environmental factors are expected to show relationships to species 
distributions. Other cations which should receive attention include 
calcium, iron, and magnesium. Physical soil properties such as texture, 
depth of the horizon, structure, and water-holding capacity should 
be considered. Specific values for light intensity, temperature, 
moisture, slope aspect, and slope angle must also be given consideration 
in a quantitative manner. All of the environmental factors could be 
compared using the Index of Restrictedness. It also seems important to 
determine the extent, if any, to which the RI values vary from year to 
year. 
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SUMMAKÏ 
The study of structure and pattern within slope forests in central 
Iowa yielded the following results and conclusions: 
1. Fourteen stands were ordinated using two techniques — the continuum 
approach developed by Curtis and Mcintosh (1951), and the three-
dimensional approach outlined by Orloci (1966). The continuum 
approach was favored over the three-dimensional approach because of 
simpler calculation and its greater ease of use, especially as 
related to a comparison with selected environmental factors. 
2. A consideration of the canopy stratum suggested that Iowa slope 
forests do not form discrete vegetational units but vary in a 
continuous manner. Important tree species in stands with low 
continuum-index numbers were Quercus alba, Carya ovata, and Quercus 
rubra. Ostrya virginiana was found to be the most important member 
of the understory tree stratum. Species with high importance values 
in stands with high continuum-index numbers were Acer nigrum, Tilia 
americana, Quercus rubra, and Fraxinus nigra> Other tree species 
showed no definite trends either due to infrequent occurrence or to 
broad ecological amplitude of the species. 
3. The average cover values for all species in the study were presented 
in relation to the continuum-index. Cover values for tree species 
showed the same general trends as the importance values. Many 
herbaceous species and seedlings of some tree species showed definite 
relationships to the continuum-index, with some increasing in stands 
with higher continuum-index numbers and others decreasing relative to 
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responsive to the continuum-index, although both Quercus alba and 
Ostrya virglniana seedlings showed a tendency to decrease in stands 
with higher continuum-index numbers. 
4. Values for available ammonia and phosphorous increased in stands 
with higher continuum-index numbers. Regression of these soil 
values against the continuum-index numbers proved to be highly 
significant. The values of pH showed this relationship only when 
other factors, especially degree of slope, were considered. 
Potassium showed no definite relationship to the continuum—index. 
5. Light intensities within selected plots along a transect were highly 
variable. Plot averages for a nine-hour sampling period ranged from 
1.2 to 13.5 percent of full sunlight on a west aspect. On the day of 
sampling, hourly averages showed that 3:00 to 5:00 P.M. was the 
period of highest light intensities. An average value of 4.8 percent 
of full sunlight was obtained for all plots over all hours; however, 
about one-half of the plots during this time received less than one 
percent of full sunlight. The anmunt of variability in light 
intensity for individual plots through the day is related to the 
distributional patterns of individuals of plant species within a 
stand. Some of the variation was explained by the presence of high 
densities of small Ostrya viiçglniana in portions of the transect. 
6. Analysis of variance of density values was used to determine the 
distributional patterns of 16 species on various site aspects. 
Composite graphs of mean square against block size, with peaks in 
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mean, square indicating scales of pattern, were interpreted with 
respect to factors possibly responsible for the pattern. Much of 
the pattern detected Involved species morphology, especially as 
related to vegetative reproduction. Environmental factors were 
considered to possibly be related to the scales of pattern detected 
at larger block sizes. 
7. Pattern for a given species on different aspects was found to vary 
greatly. An extreme example of this was shown by Sangulnarla 
canadensis on a north aspect where one scale of pattern was detected, 
compared to an east aspect ^ ere three scales of pattern were 
detected. No species showed exactly the same pattern on any two 
aspects. 
8. Several general factors affecting species distributions In the study 
sites were considered. The occasional death of large canopy trees 
resulted in changes In Ught-tesserature-molstiure relationships, 
thereby creating a system of microsuccession of herbaceous species. 
One or more of these areas may be present In a given stand. Micro-
drainage patterns as related to moisture relationships and 
accumulation of litter were suggested as being Important in 
producing scales of pattern for some plant species,such as 
Parthenoclssus quinquefolla. 
9. Analysis of variance for pattern of certain soil properties showed 
that potassium, pH, phosphorous, and available ammonia have nonrandom 
distributional tendencies on some slope aspects. 
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10. Aji Index of Restrictedness was determined for each species as related 
to each soil property considered. This index relates species 
response to soil factors or any other environmental factors in a 
comparative manner so that it is possible to compare relative 
importance of light, soil nutrients» temperature» soil structure, 
etc., on an equal basis. 
11. All stands were ordinated by a three-dimensional method outlined by 
Orloci (1966). A comparison with the continuum-index ordination 
suggested that stands on south aspects are different from all others. 
No other aspects were separated from each other by either ordination 
method. 
12. Eighty-seven species occurring in the 14 stands were ordinated 
using the Q-analysis of Orloci. Fourteen groups of species were 
described by the ordination, the majority of which represented 
potentially natural groupings of species. Factors responsible for 
the placement of these groupings could not be determined. There was 
some suggestion that the X-axis could be related to shading or 
moisture gradients. 
93 
Aikman, J. M. 1941. The effect of aspect of slope on climatic factors. 
Iowa State College Journal of Science 10: 161-167. 
Aikman, J. M. and C. L. Gilly. 1948. A comparison of the forest flora 
along the Des Moines River and the Missouri River. Iowa Academy of 
Science Proceedings 55: 53-73. 
Aikman» J, M. and A. W. Smelser. 1938. Structure and environment of 
forest communities in central Iowa. Ecology 19: 141-148. 
Anderson, D. J. 1961a. The structure of some upland plant communities 
in Caernarvonshire. I. The pattern shown by Pteridium aquilinum. 
Journal of Ecology 49: 369-376. 
Anderson, D. J. 1961b. The structure of some upland plant communities 
in Caernarvonshire. II. Pattern shown by Vaccinium myrtillus and 
Calluna vulgaris. Journal of Ecology 49: 731-738. 
Archibald, E. E. A. 1948. Plant populations. I. A new application of 
Neyman's contagious distribution. Annals of Botany, N. S. 12: 221-
235. 
Archibald, E. E. A. 1950. Plant populations. II. The estimation of 
the number of individuals per unit area of species in heterogeneous 
plant populations. Annals of Botany, N. S. 14; 7-21. 
Atwood, W. W. 1940. The physiographic provinces of North America. 
Ginn Company, Boston, Mass. 
Bagley, W. T. 1940. Volume tables for white oak in Iowa. Unpublished 
M.S. thesis. Library, Iowa State University of Science and 
Technology, Ames, Iowa. 
Beals, E. W. and J. B. Cope. 1964. Vegetation and soils in an eastern 
Indiana woods. Ecology 45: 777-792. 
Becraft, R. J. 1923. Distribution of trees along the upper Skunk River, 
Iowa. Unpublished M.S. thesis. Library, Iowa State University of 
Science and Technology, Ames, Iowa. 
Blackman, G. E. 1935. Statistical methods of the distribution of species 
in grassland associations. Annals of Botany 49: 749-778. 
Blackman, G. E. 1942. Statistical and ecological studies in the distribu­
tion of species in plant communities. I. Dispersion as a factor in 
the study of changes in plant populations. Annals of Botany, N. S. 
6: 351-370. 
94 
Blakiston Company, Philadelphia» Pa. 
Bray» J. R. 1960. The composition of savanna vegetation in Wisconsin. 
Ecology 41: 785-796. 
Bray, J. R. and J. T. Curtis. 1957. An ordination of the upland forest 
communities of southern Wisconsin, Ecological Monographs 27: 
325-349. 
Brener, Y., Jr. 1941. Volume tables for red oak in selected areas of 
Iowa. Unpublished M.S. thesis. Library, Iowa State University of 
Science and Technology, Ames, Iowa. 
Cain, S. A. and F. C. Evans. 1952. The distribution patterns of three 
plant species in an old-field community in southeastern Michigan. 
Laboratory of Vertebrate Biology of the University of Michigan 
Contributions 52: 1-11. 
Clapham, Â. R. 1936. Over-dispersion in grassland communities. Journal 
of Ecology 24: 232-251. 
Clark, P. J. and F. C. Evans. 1954. Distance to nearest-neighbor as a 
measure of spatial relationships in populations. Ecology 35: 445-
453. 
Cole, L. C. 1949. The measurement of interspecific association. Ecology 
30: 411-424. 
Cooper, C. F. 1961. Pattern in ponderosa pine forests. Ecology 42: 
493-499. 
Cottam, G., J, T. Curtis, and A. J. Catana, Jr. 1957. Some sampling 
characteristics of a series of aggregated populations. Ecology 38: 
610-622. 
Countryman, D. W. 1968. Site index of Iowa oaks. Unpublished M.F. 
Special Problem (Forestry 540C). Boyce Literature Reading Room 
(Bessey Hall), Iowa State University of Science and Technology, Ames, 
Iowa. 
Cranshaw, W. B., S. A. Qadir, and A. A. Lindsey. 1965. Edaphic controls 
of tree species in presettlement Indiana. Ecology 46: 688-698. 
Curtis, J. T. 1955. A prairie continuum in Wisconsin. Ecology 36: 
558-566. 
Curtis, J. T. 1959. The vegetation of Wisconsin. University of 
Wisconsin Press, Madison, Wisconsin. 
95 
Curtis, J. T. and R. P. Mcintosh. 1951. An upland forest continuum In 
the prairie-forest border region of Wisconsin. Ecology 32î 476-496. 
Dale,^ M. E. 1955. Evaluation of tree species in northeastern Iowa based 
on stem, crown, and growth characteristics. Unpublished M.S. thesis. 
Library, Iowa State University of Science and Technology, Ames, Iowa. 
Daubenmire, R. 1959. A canopy-coverage method of vegetational analysis. 
Northwest Science 33: 43-66. 
David, F. N. and R. G. Moore- 1954. Notes on contagious distributions 
in plant populations. Annals of Botany, N. S. 18: 47-53. 
DeVries, D. M. 1953. Objective combinations of species» Acta botanlca 
neerlandica 1: 497-499. 
Dice, L. R. 1952. Measure of the spacing between individuals within a 
population. Laboratory of Vertebrate Biology of the University of 
Michigan Contributions 55: 1-23. 
Dick-Peddle, W. A. 1955. Presettlement forest types in Iowa. Unpub­
lished M.S. thesis. Library, Iowa State University of Science and 
Technology, Ames, Iowa. 
Dllworth, J. R. 1938. Influence of site conditions on form and growth 
of white oak in southern Iowa. Unpublished M.S. thesis. Library, 
Iowa State University of Science and Technology, Ames, Iowa. 
Evans, G. C. 1956. An area survey method of Investigating the distribu­
tion of light intensity in woodlands, with particular reference to 
sunfleeks. Journal of Ecology 44: 391-428. 
Fager, E. W. 1957. Determination and analysis of recurrent groups. 
Ecology 38: 586-595. 
Femald, M. L., ed. cl950. Gray's mannual of botany. 8th ed. American 
Book Company, New York, N.Y. 
Fracker, S. B. and H. A. Brischle. 1944. Measuring the local distribu­
tion of Ribes. Ecology 25: 283-303. 
Gleason, H. A. 1920. Some applications of the quadrat method. Torrey 
Botanical Club Bulletin 47: 21—33. 
Gleason, H. A. 1922. The vegetational history of the middle west. 
Association of American Geographers Annals 12: 39-85. 
Gleason, H. A. and A. Cronquist. 1964, The natural geography of plants. 
Columbia University Press, New York, N.Y, 
96 
Çpod^iî. i>. w. 1952-- Quantitative aspects cf plant distribution:. 
Biological Review 27: 194-245. 
Greig-Smith, P. 1952a. The use of random and contiguous quadrats in 
the study of the structure of plant communities. Annals of Botany, 
N. S. 16: 293-316. 
Greig-Smith, P. 1952b. Ecological observations on degraded and second­
ary forest in Trinidad, British West Indies. Journal of Ecology 40: 
316-330. 
Greig-Smith, P. 1961a. Data on pattern within plant communities. I. 
The analysis of pattern. Journal of Ecology 49: 695-702. 
Greig-Smith, P. 1961b. Data on pattern within plant communities. 11. 
Ammophila arenaria (L.) Link. Journal of Ecology 49: 703-708. 
Greig-Smith, P. 1964. Quantitative plant ecology. Butterworths, 
Washington, D.C. 
Greig-Smith, P. and K. A. Kershaw. 1958. The significance of pattern 
in vegetation. Vegetatio, Haag 8: 189-192. 
Hanson, N. J. 1954. Forest plantations in relation to sites in south­
eastern Iowa. Unpublished M.S. thesis. Library, Iowa State 
University of Science and Technology, Ames, Iowa. 
Harberd, D. J. 1960. Association analysis in plant communities. 
Nature 185: 53-54. 
Harlow, W. M. and E. S. Harrar. 1968. Textbook of dendrology. 5th ed. 
McGraw-Hill Book Company, Inc., New York, N.Y. 
Hewes, L. 1950. Some features of early woodland and prairie settlement 
in a central Iowa county. Association of American Geographers 
Annals 40: 40—57. 
Hopkins, B. 1954. A new method for determining the type of distribution 
of plant individuals. Annals of Botany, N. S. 18: 213-227. 
Iowa State University Soil Testing Laboratory. 1965. Testing methods. 
Mimeographed. Iowa State University Soil Testing Lab., Ames, Iowa. 
Kershaw, K. A. 1957. The use of cover and frequency in the detection of 
pattern in plant communities. Ecology 38: 291-299. 
Kershaw, K. A. 1958. An investigation of the structure of a grassland 
community. I. The pattern of Agrostis tenuis. Journal of Ecology 
46: 571-582. 
97 
Kershaw, K. A. 1959. An investigation of the structure of a grassland 
community. II. The pattern of Dactylis glomerata. Lolium perenne* 
and Trlfolium repens. Journal of Ecology 47: 31-53. 
Kershaw, K. A. 1960. The detection of pattern and association. Journal 
of Ecology 48: 233-242. 
Kershaw, K. A. 1963. Pattern in vegetation and its causality. Ecology 
44: 377-388. 
Kershaw, K. A. 1964. Quantitative and dynamic ecology. Edward Arnold 
Ltd., London, England. 
Kershaw, K. A. and J. H. Tallis. 1958. Pattern In a high-level Juncus 
squarrosus community. Journal of Ecology 44: 739-748. 
Kucera, C. L. 1952. An ecological study of a hardwood forest area. 
Ecological Monographs 22: 283-299. 
Kuchler, A. W. 1964. Potential vegetation of the conterminous United 
States. Map. American Geographical Society Special Publication 
Number 36. 
MacBride, T. H. 1895. Forest distribution in Iowa. Iowa Academy of 
Science Proceedings 3: 96-101. 
McComb, A. L. and W. E. Loomis. 1944. Subclimax prairie. Torrey 
Botanical Club Bulletin 71: 46-76. 
McLintock, T. E. 1939. Factors of density, composition, and growth in 
the oak forests of southern Iowa. Unpublished M.S. thesis. Library, 
Iowa State University of Science and Technology, Ames, Iowa. 
Moore, P. G. 1953. A test for non—randomness in plant populations. 
Annals of Botany, N. S. 17: 57-62. 
Moore, P. G. 1954. Spacing in plant populations. Ecology 35: 222-227. 
Costing, H. J. 1956. The study of plant conmninlties. 2nd ed. W. H. 
Freeman and Company, San Francisco, Calif. 
Orloci, L. 1966. Geometric models in ecology. I. The theory and 
application of some ordination methods. Journal of Ecology 54: 
193-215. 
Oschwald, W. R., F- F. Riecken, R. I. Dideriksen, W. H. Scholtes, and 
F. W. Schaller. 1965. Principal soils of Iowa. Iowa State 
University of Science and Technology Cooperative Extension Service 
Special Report Number 42. 
98 
Phillips, E. A. 1959. Methods of vegetation study. Henry Holt and 
Company» Inc., New York, N.Y. 
Phillips, M. E. 1954. Studies in the quantitative morphology and 
ecology of Eriophorum angustifolium Roth. II. Competition and 
dispersion. Journal of Ecology 42: 187-210. 
Pielou, E. C. 1959. The use of point-to-plant distances in the study 
of pattern of plant populations. Journal of Ecology 47: 607-613. 
Pielou, E. C. 1960. A single mechanism to account for regular, random, 
and aggregated populations. Journal of Ecology 48: 575-584. 
Pielou, E. C. 1961. Segregation and symmetry in two-species populations 
as studied by nearest-neighbor relationships. Journal of Ecology 
49: 255-269. 
Polunin, N. 1960. Introduction to plant geography. McGraw-Hill Book 
Company, Inc., New York, N.Y. 
Rice, E. L. and W. T. Penfound. 1959. The upland forests of Oklahoma. 
Ecology 40: 593-608. 
Robinson, P. 1954. The distribution of plant populations. Annals of 
Botany, N. S. 18: 34-54. 
Sanders, D. R. 1967. Structure of slope forests along the Des Moines 
River in central Iowa prior to impoundment. Unpublished M.S. thesis. 
Library, Iowa State University of Science and Technology, Ames, Iowa. 
Sanders, D. R. 1968. Structure of slope forests along the Des Moines 
River in central Iowa. Iowa Academy of Science Proceedings 75. (In 
press). 
Shimek, B- 1899. The distribution of forest trees in Iowa. Iowa Academy 
of Science Proceedings 7: 47-59. 
Smith, B. E. and G- Cottam. 1967. Spatial relationships of mesic forest 
herbs in southern Wisconsin. Ecology 48: 546—565. 
Struik, G. J. 1965. Growth patterns of some native and perennial herbs 
in southern Wisconsin. Ecology 46: 401-421. 
Svedburg, T. 1922. Ett bidrag till de statiska metodemas anvëndning 
inom vôxtbiologien. Svensk botanisk Tidskrift 16; 1-8. 
Thompson, H. R. 1958. The statistical study of plant distribution 
patterns using a grid of quadrats- Australian Journal of Botany 6: 
322-342. 
99 
Thomson., G. W. 1956. Growth of plantation black walnut in soucheascern. 
Iowa as related to certain soil properties. Unpublished Ph.D. thesis. 
Library, Iowa State University of Science and Technology, Ames, Iowa. 
Transeau, E. N. 1905. Forest centers of eastern North America. 
American Naturalist 39: 875-889. 
Trenk, F. B. 1925. The occurrence of hickories in Iowa in relation to 
soil types. Iowa Acadenqr of Science Proceedings 32; 143-155. 
Weaver, J. E. and F. E. Clements. 1929. Plant ecology. McGraw-Hill 
Book Company, Inc., New York, N.Y. 
Westveld, R. H. 1933. The relation of certain soil characteristics to 
forest growth and composition in the northern hardwood forests of 
northern Michigan. Michigan State College Agricultural Experiment 
Station Bulletin 135. 
Whit taker, R. A. 1953. A consideration of climax theory: The climax 
as a population and pattern. Ecological Monographs 23: 41-78. 
Whitford, P. B. 1949. Distribution of woodland plants in relation to 
succession and clonal growth. Ecology 30: 199-208. 
Whitford, P. B. and P. J. Salamun. 1954. An upland forest survey of the 
Milwaukee area. Ecology 35: 533-540. 
Williams, W. T. and J. M. Lambert. 1961. Nodal analysis of associated 
populations. Nature 191: 202. 
Zinke, P. J. 1962. The pattern of influence of individual forest trees 
on soil properties. Ecology 43: 130-133. 
100 
ACKNOWLEDGMENTS 
The author wishes to express his thanks and appreciation to the many 
people who have made this study possible. Special thanks go to 
Dr. Roger Q. Landers, Jr. without whose help in directing research and 
correcting the manuscript this study could not have been completed; To 
Dr. Lois H. Tiffany in the direction of my graduate program; To Dr. 
David Jowett for suggestions relative to the experimental design of this 
study and Roger Mrachek who designed the program for the three-dimensional 
ordination; To Jack Brotherson for his timely advice concerning certain 
portions of the analysis; and finally, special appreciation goes to my 
wife, Pauline, whose encouragement throughout my years of graduate study 
was deeply felt. 
This study was supported by an NDEA Title IV Fellowship, for which 
the author is deeply grateful. Additional support for data analysis was 
provided by the Iowa State University Graduate Research Fund and the 
Fund for Unsponsored Computer Time (both under the direction of 
Dean Hendriksen). 
101 
APPENDIX A 
102 
Table 8. Brief description, of study sites 
Ledges area- located along the Des Moines River in Boone County 
Site 1—North-facing slope 
Legal description: NW 1/4» SE 1/4, Sec. 16, T83N, R26W 
Average degree of slope: 47 degrees 
Average slope aspect: 350 degrees 
Plant dominants: Quercus rubra, Ostrya virginiana, and Tilia 
americana 
Site 2—West-facing slope 
Legal description: NW 1/4, SE 1/4, Sec. 16, T83N, R26W 
Average degree of slope: 40 decrees ' 
Average slope aspect: 310 degrees 
Plant dominants: Acer nigrum, Tilia americana, and Ostrya 
virginiana 
Site 3—South-facing slope 
Legal description: NW 1/4, SE 1/4, Sec. 16, T83N, R26W 
Average degree of slope: 45 degrees 
Average slope aspect: 190 degrees 
Plant dominants: Quercus muehlenbergi and Quercus rubra 
Site 4—East—facing slope 
Legal description: NW 1/4, SE 1/4, Sec. 16, T83N, R26W 
Average degree of slope: 47 degrees 
Average slope aspect: 80 degrees 
Plant dominants: Quercus rubra, Acer nigrum, and Tilia 
americana 
High Bridge area (HB)- located along the Des Moines River in Dallas County 
Site 5—West—facing slope 
Legal description: SE 1/4, NE 1/4, Sec. 25, T81N, R26W 
Average degree of slope: 47 degrees 
Average slope aspect: 280 degrees 
Plant dominants : Quercus rubra, Acer nigrum, and Ostrya 
virginiana 
Site 6—East-facing slope 
Legal description: SE 1/4, NE 1/4, Sec. 25, T81N, R26W 
Average degree of slope: 45 degrees 
Average slope aspect: 85 degrees 
Plant dominants: Quercus rubra, Acer nigrum, and Tilia 
americana 
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Table 8. (Continued) 
Fraser area- located along the Des Moines River in Boone County 
Site 7—North-facing slope 
Legal description: SE 1/4, NE 1/4, Sec» 3, T84N, R27W 
Average degree of slope: 25 degrees 
Average slope aspect: 10 degrees 
Plant dominants: Tilia americana and Fraxinus nigra 
Site 8—South-facing slope 
Legal description: SE 1/4, NE 1/4, Sec. 3, T84N, R27W 
Average degree of slope: 34 degrees 
Average slope aspect: 195 degrees 
Plant dominants : Quercus alba and Quercus rubra 
Site 9—East-facing slope 
Legal description: SE 1/4, NE 1/4, Sec. 3, T84N, R27W 
Average degree of slope: 30 degrees 
Average slope aspect: 87 degrees 
Plant dominants: Acer nigrum and Fraxinus nigra 
Woodman's Hollow area (WH)— located along the Des Moines River in Webster 
County 
Site 10—^North-facing slope 
Legal description: SE 1/4, NW 1/4, Sec. 22, T8&f, R28W 
Average degree of slope: 52 degrees 
Average slope aspect; 15 degrees 
Plant dominants: Acer nigrum, Quercus rubra, and Tilia 
americana 
Ames area- located along the Union Creek in Story County 
Site 11—North-facing slope 
Legal description: NW 1/4, NE 1/4, Sec. 32, T84N, R24W 
Average degree of slope: 55 degrees 
Average slope aspect: 350 degrees 
Plant dominants: Quercus rubra and Acer nigrum 
Site 12—West-facing slope 
Legal description: NW 1/4, SE 1/4, Sec. 32, T84N, R24W 
Average degree of slope: 48 degrees 
Average slope aspect: 102 degrees 
Plant dominants : Acer nigrum and Quercus rubra 
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Table 8. (Continued) 
Site 13—East-facing slope 
Legal description: NW 1/4, NE 1/4, Sec. 32, T84N, R24W 
Average degree of slope: 35 degrees 
Average slope aspect: 260 degrees 
Plant dominants: Quercus rubra and Ostrya virginiana 
Site 14—South-facing .slope 
Legal description: NW 1/4, NE 1/4, Sec. 32, TS4N, R24W 
Average degree of slope: 27 degrees 
Average slope aspect: 185 degrees 
Plant dominants: Quercus alba and Ostrya virginiana 
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Tabl? 9; Alphabetized list of species encountered in this study 
Acer nigrum Michx. f. Black maple 
Adlaatum pedatum L. Maidenhair fern 
Aesculus glabra Willd. Ohio buckeye 
Agrimonia pubescens Wallr. Agrimony 
Allium tricoccum Ait. Wild leek 
Ambrosia arteisisiifolia L. Common ragweed 
Ambrosia trifida L. Great ragweed 
Amelanchier arborea (Michx. f.) Fern. Serviceberry 
Amphicarpa bracteata (L.) Fern. Hog-peanut 
Anemone quinquefolia var. interior Fern. Wood-anemone 
Anemonella thalictroides (L.) Spach Rue-anemone 
Antennaria fallax Greene Ladies' tobacco 
Apocynum cannabinum L. Indian hemp 
Aquilegia canadensis L. Wild columbine 
Arisaema triphyllum (L.) Schott Small Jack-in-the-pulpit 
Asarum canadense L. Wild ginger 
Aster puniceus L. Aster 
Botrychium virginianum (L.) Sw. Rattlesnake-fern 
Bromus purgans L. Brome-grass 
Campanula americana L. Tall bellflower 
Carex albursina Sheldon Sedge 
Carex blanda Dew. Sedge 
Carex rosea Schkuhr Sedge 
Carpinus caroliniana Walt. Bluebeech 
Carya cordifonais (Wang.) K. Koch Bittemut hickory 
Carya ovata (Mill.) K. Koch Shagbark hickory 
Celastrus scandens L. Climbing bittersweet 
Celtis occidentalis L. Hackberry 
Chenopodlum album L. Lamb * s-quarters 
Claytonia virginica L. Spring-beauty 
Comus spp. L. Dog-^ood 
Corylus americana Walt, American hazelnut 
Crataegus mollis (T. & G.) Scheele Hawthorn 
Cryptotaenia canadensis (L.) DC. Honewort 
Cystopteris fragilis (L.) Bemh. Fragile fern 
Danthonia spicata (L.) Beauv. Poverty grass 
Dentaria laciniata Muhl. Toothwort 
Desmodium glutinosum (Muhl.) Wood Beggar's-ticks 
Dicentra cucullaria (L.) Bemh. Dutchman's breeches 
Dryopteris goldiana (Hook.) Gray Goldie's fern 
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Table 9. (Continued) 
Ellisia nyctelea L. 
Elymus villosus Muhl. 
Erythronium albidum Nutt. 
Eupatorium rugosum Houtt. 
Euonymus atropurpureus Jacq. 
Fragaria virginiana Duchesne 
Fraxinus nigra Marsh. 
Fraxinus pennsylvanica Marsh. 
Galium aparine L. 
Galium triflorum Michx. 
Geum canadense Jacq. 
Gleditsia triacanthos L. 
Gymnocladus dioica (L.) K. Koch 
Helianthus tuberosus L. 
Hepatica acutiloba DC. 
Hydrophyllum appendiculatum Michx. 
Hydrophyllum virginianum L. 
Hystrix patula Moench 
lsq)atiens pallida Nutt. 
Juglans nigra -&r 
Juniperus virginiana L. 
Laportea canadensis (L.) Wedd. 
Lonicera sentpervirens L. 
Menispermum canadense L. 
Mitella diphylla L. 
Morus rubra L. 
Muhlenbergia sobolifera (Muhl.) Trin 
Orchis spectabilis L. 
Osmorhiza claytoni (Michx.) C. B. Clarke 
Osmorhiza longistylis (Torr.) DC. 
Ostrya virginiana (Mill.) K, Koch 
Oxalis strieta L. 
Ellisia 
Wild rye 
White Dog*s-tooth-violet 
White snakeroot 
Wahoo 
Strawberry 
Black ash 
Green or red ash 
Cleavers 
Sweet-scented bedstraw 
Avens 
Honey locust 
Kentucky coffee-tree 
Jerusalem artichoke 
Liverleaf 
Waterleaf 
John's cabbage 
Bottle-brush grass 
Pale touch-me-not 
Black walnut 
Red-cedar 
Wood nettle 
Trumpet honeysuckle 
Moonseed 
Coolwort 
Red mulberry 
Showy orchis 
Sweet cicely 
Anise—root 
Ironwood 
Wood-sorrel 
^Frayfnus pennyIvani ca also includes some individuals of Fraxinus 
americana. 
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Table 9. (Continued) 
Panicum latifolium L. Panicvua 
Parietaria pensylvanica Muhl. Pellitory 
Parthenocissus quinquefolia (L.) Planch. Virginia creeper 
Phlox divaricata L. Blue phlox 
Phryma leptostachya L. Lopseed 
Podophyllum peltatum L. May-apple 
Polygonatum canaliculatum (Muhl.) Fursh Solomon * s-seal 
Polygonum convolvulus L. Black bindweed 
Populus tremuloides Michx. Quaking aspen 
Prenanthes alba L. White lettuce 
Prunus serotina Ehrh. Black cherry 
Prunus virginiana L. Choke cherry 
Quercus alba L. —- White oak 
Quercus macrocarpa Michx. Mossy-cup oak 
Quercus muehlenbergl Engelm. Chestnut oak 
Quercus rubra L. Red oak 
Ranunculus abortivus L. Kidney-leaf buttercup 
Rhus glabra L. Smooth sumac 
Rhus radicans L. Poison ivy 
Ribes cynosbati L. ^ Prickly gooseberry 
"Ribeff missouriense Nutt. Missouri gooseberry 
Rosa blanda Ait. Rose 
Rubus spp. L. Bramble 
Sanguinaria canadensis L. Bloodroot 
Sanicula canadensis L. Black snakeroot 
Silene stellata (L.) Ait. f. Starry campion 
Smilacina racemosa (L.) Desf. False Solomon's seal 
Smilax herbacea L. Carrion-flower 
Smilax tamnoides var. hispida (Muhl.) Fern. Hellfetter 
Solidago ulmlfolia Muhl. Goldenrod 
Specularia perfoliata (L.) A. DC. Venus*s looking-glass 
Staphylea trifolia L. Bladdemut 
Taraxacum officinale Weber Common dandelion 
Tilia Americana L. Basswood 
Both Ribes mi«souriense and Ribes cynosbati were present in most 
stands. The two species were considered as Ribes missouriense since 
fruit characteristics are necessary to separate them. 
Table 9. (Continued) 
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Ulmus americana L. American elm 
Ulmus rubra Muhl. Slippery elm 
Uvularia grandiflora Sm. Bellwort 
Veronica arvensis L. Com speedwell 
Viburnum rafinesquianum 
var. affine (Bush) House Downy arrow-wood 
Viola pensylvanica Michx. Smooth yellow violet 
Viola sororia Willd.c Violet 
Vitis riparia Michx. Riverbank grape 
Xanthoxylum americanum Mill. Prickly ash 
Zizia aptera (Gray) Fern. Zizia 
^iola sororia is used as a convenient taxonomic label to include 
several species of purple violets. 
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Table 10. Coordinates for three-dimensional ordination (Orloci, 1966) 
of study sites 
Sites 
Coordinates 
X Y Z 
Ledges, N 52.0 32.9 -5.2 
Ledges, VÎ 26.2 9.4 8.2 
Ledges, S 60.3 60.3 -13.8 
Ledges, E 25.8 23.3 17.7 
High Bridge, W 26.4 16.6 12.6 
High~Bridge, E 16.2 7.9 12.9 
Fraser, N 41.7 -4.4 -15.5 
Fraser, S 75.5 15.7 -16.9 
Fraser, E 0.0 -0.0 0.0 
Woodman's Hollow, N 29.6 19.5 13.0 
Ames, N 56.4 31.1 3.6 
Ames, W 31.1 16.5 13.2 
Ames, E 61.6 21.4 -1.3 
Ames, S 91.5 0.0 -22.4 
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Table 11. Coordinates for three-dimensional ordination (Orioci, 1566) 
of species included in this study 
Coordinates 
Species X Y Z 
Uepatica acutiloba 29.9 27.1 0.0 
Fraxinus pennsylvanica (s) 29.9 27.1 0.0 
Acer nigrum (s) 34.5 31.6 -7.3 
Ostrya virginiana (1) 0.0 0.0 0.0 
Quercus rubra (1> 56.6 52.1 0.0 
Carex blanda 28.1 2.9 41.2 
Aster puniceus 22.7 36.6 2.5 
Ulmus spp (s) 34.3 31.2 -12.5 
Ribes missouriense 29.9 27.3 -12.5 
Anemonella thalictroides 57.5 33.8 -5.4 
Sanguinaria canadensis 34.3 2.4 21.6 
Sanicula canadensis 30.2 55.0 16.5 
Mitella diphylla 27.2 35.0 -6.1 
Uvularia grandiflora 29.9 27.1 0.0 
Acer nigrum (1) 30.4 0.1 6.3 
Fraxinus nigra (1) 34.5 31.3 -10.3 
Parietaria pensylvanica 33.5 74.7 -26.5 
Parthenocissus quinquefolia 37.2 -3.4 -26.0 
Quercus rubra (s) 20.2 60.2 -29.7 
Tilia americana (s) 47.3 35.2 -8.9 
Amphicarpa bracteata 27.1 25.5 -27.0 
Fraxinus nigra (s) 47.8 13.4 12.5 
Amelanchier arborea 47.8 25.7 12.5 
Ostrya virginiana (s) 100.0 -0.0 -26.5 
Carpinus carolinlana 14.5 50.3 -30.5 
Asarum canadense 34.3 31.2 1.8 
Tilia americana (1) 29.9 27.1 0.0 
Hydrophyllum virginlanum 18.5 5.0 -11.8 
Ranunculus abortivus 43.5 40.1 16.5 
Osmorhiza longistylis 44.7 -15.1 12.7 
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Table 11. (Continued) 
Coordinates 
Species X Y Z 
Anemone quinquefolia 45.8 7.9 9.1 
Celastrus scandens 34.5 14.6 6.3 
Prenanthes alba 47.8 25.7 12.5 
Âdiantum pedatum 34.4 23.9 3.9 
Polygonatum canaliculatum 58.5 20.9 -3.0 
Carya cordiformis (s) 40.6 19.3 -7.3 
Danthonia spicata 12.5 28.9 19.6 
Silene stellata 22.3 29.7 4.9 
Phryma leptostachya 22.1 20.5 -10.7 
Rhus radicans 48.3 25.6 -5.4 
Ulntus rubra (1) 27.4 34.8 -7.8 
Solidago ulmifolia 4.1 29.1 -28.5 
Smxlacina racemosa 14.5 50.3 -8.3 
Carya ovata (s) 27.4 34.8 -7.8 
Carex rosea 22.1 8.2 8.0 
Cystopteris fragilis 40.0 19.5 6.3 
Hystrix patula 39.9 36.2 -11.5 
Carex albursina 12.5 42.1 -5.4 
Ulmus americana (1) 34.3 19.1 21.6 
Galium aparine 34.3 41.4 -26.5 
Bromus purgans 34.3 31.2 -12.5 
Specularia perfoliata 29.9 27.1 0.0 
Viola sororia 18.8 25.1 -1.3 
Aquilegia canadensis 37.2 -23.8 17.5 
Oxalis stricta 30.2 34.1 -26.5 
Quercus alba (1) 45.8 7.9 9.1 
Desmodium glutinosum 30.4 11.6 -10.3 
Impatiens pallida 27.4 34.8 11.8 
Menispermum canadense 44.1 27.7 28.2 
Smilax herbacea 43.7 27-6 -3.0 
Staphylea trifolia 57.5 33.8 -5.4 
Carya cordiformis (1) 62.2 19.8 -26.5 
Fraxinus pennsylvanica (1) 34.4 31.3 3.9 
Prunus serotina (s) 34.5 24.0 -10.3 
Polygonum convolvulus 8.5 43.0 1.2 
Table 11. (Continued) 
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Coordinates 
Species X Y Z 
Eupatorium rugosum 27.4 13.0 11.8 
Podophyllum peltatum 49.1 12.5 21.6 
Carya ovata (1) 59.8 40.2 -26.5 
Celtis occidentalis (s) 27.2 35.0 -6.1 
Cryptotaenia canadensis 27.8 41.7 8.8 
Hydrophylltim appendiculatum 30.2 34.1 16.5 
Âesculus glabra (s) 40.3 36.1 -26.5 
Laportea canadensis 58.0 40.0 3.9 
Aesculus glabra (1) 18.0 53.4 -30.2 
Viola pensylvanica 14.5 55.9 -30.5 
Chenopodium album 22.7 29.3 2.5 
Quercus muehlenbergi (1) 34.3 31.9 -26.5 
Muhlenbergia sobolifera 7.0 27.0 4.4 
Comus spp. 41.2 19.3 -5.4 
Smilax tamnoides hispida 34.3 19.1 -3.0 
Arisaema triphyllum 34.5 24.0 -10.3 
Helianthus tuberosus 34.3 2.4 21.6 
Panicum latifolium 34.3 19.2 -5.4 
Campanula americana 49.1 12.5 -26.5 
Veronica arvensis 27.4 13.0 11.8 
Fragaria virginiana 59.7 3.0 0.0 
Xanthoxylum americanum 55.6 66.0 -3.0 
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APPENDIX B 
Figure 9. Sampling unit used in the pattern study consisting 
of 16 100 cm^ plots within a larger unit 
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